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Mathematical Inſtruments, 
As are uſually put into a 


PORTABLE CAs E: 


ConTarninc their various Uſes in 


ARITHMETIC, ARCHITECTURE, 
GEOMETRY, SURVEYING, 
'TRIGONOMETRY, )COSc. Gc. 
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For the Benefit of Ex IX EERS, Arcnur- 


TECTS, SURVEYORS, and for Young 
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A Short ACCOUNT of the Authors whe | 


have treated on the PRorFoRTIONAL Con- 
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SIR, 277] 
HAT tribute, which is 
Juſtly due from the lo- 
Evers of ſcience, to thoſe 
who are the moſt. competent 
judges thereof, I hope will ex- 
cuſe my preſumption, in addreſ- 


ſing this work to a gentleman ſo 


8 Ax de- 


$ 2 * 


. 
1 N 
Ae ; | 
— : +a . * va © 8 


= K 
y , * 
7 Par — K 
. : . 5 . mags, Bf in,” 
* 2 N IRE. 7 1 NN . 9 Fo 8 wt F a png 4 5 7 4 
» x * Thos. 8 9 C Am 7 . — 9 n 4 0 \ 2 2 He's — 
* een oor Dt RE RT . 0 no oy OW ene gh R * 32 3. n 
. . * n hs RL,” > Ps NB OE OI (i as Ne 
— 2 KY <= oY W; 03 5G 9 b Py © . 7 3 5 
3 a - . 1 3; * * wth > 2 ” r *, 
. , N * 


. n 


[ iv 45 

deſerredly Jiſtingniſhed for his 
univerſal knowledge. 

I cannot be ſo vain to imagine, 
that any thing contained in the 
following ſheets, will either ap- 
pear new to you, or in a better 
light than that in which you have 
already conceived it : This work 
pretends no farther,; than to ren- 
der the uſe of ſeveral mathemati- 


cal inſtruments familiar to young 


ſtudents, and all who have occa- 
ſion for their aſſiſtance; ; a deſign 


which I flatter 9 you will 


approve. 
I am, with all poſſible re- 
ſpe, 


"27 Y 
Your moſt humble, and 


moſt obedient ſervon, 
5 DEG6" 


WY 4 


John Robertſon. 
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T is needleſs to enumerate the 
many 9 to which na- 
thematical inſtruments ſerve; 

their uſe ſeems quite neceſſary 
to perſons employed in moſt of the 
active ſtations in life. 

The Arcbitect, whether civil, mili- 
tary, or naval, never offers to effect 
any undertaking, before he has firſt 
made uſe of his rule and compaſſes; and 
fix'd upon a ſcheme or drawing, which 
unavoidable requires thoſe 7n/truments, 
and others equally neceſſary. 

The Engineer, cannot well attempt to 
put in execution any deſign, whether for 
defence, offence, ornament, pleaſure, &c. 
without firſt laying before his view, the 
plan of the whole ; which is not to be 
conveniently performed, but by rulers, 
— &c. 
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There are indeed, very few, if any 
good Artificers, who have not in ſome 
meaſure, occaſion for the uſe of one or 


more mathematical inſtruments; and 
whenever there is required, an accurate 


drawing of a thing to he executed, or 


repreſented ;. that collection of inſtru- 
ments, uſually put in portable caſes, 
is then abſolutely neceſſary: And of theſe, 
the moſt common ones, or others appli- 
cable to like ſervice, muſt have been in 
uſe, ever ſince mankind have had occa- 
fion to provide for the neceſſary conve- 
niencies of life: But the parallel ruler, 
the proportional compaſſes, and the ſector, 
are not of any great antiquity. 
However, by means of the opportu- 
nity, which the author had of confult- 
ing molt, if not all, that have wrote on 
this ſubject * he thinks it will ſuffici- 
ently appear from what follows, who 
were the inventors of theſe latter inſtru- 


ments ; and when they were firſt known 


and made uſe of. 

I. Gaſpar Mordente, in his book on 
the compaſſes, printed in folio at Antwerp, 
1584 gives the conſtruction and uſe of 
an inftrument, invented by his brother 


Fabricius Merdente, in 1554, The in- 


ſtrument confiſts of v two flat legs, move- 
able 


In the collection of William REY Eſa; 
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able round a joint like a common pair 


of compaſſes; but the points are turn'd 


down at right angles to the legs, ſo as to 
make but one point when the legs are 
cloſe. In each leg there is a groove, 
with a ſlider fitted to it, carrying a per- 
pendicular point; ſo that thele alſo a ap- 

ear like one point when the legs are 
cloſe, and the fliders are oppoſite. This 
compats ; is jointly uſed with a rod, con- 
taining a ſcale of equal parts; 30 of 
which, are equal to the length of each 
leg. As the operations with this com- 
paſs, depend on the properties of ſimilar 
triangles, therefore its principles are the 


ſame with thoſe of the ſector: And moſt, 


or all the problems that are perform 4 
by the line of lines only, can with al- 
moſt the ſame eaſe, be performed by 
theſe; the tranſition GC this inſtrument 
to the ſector 1s very natural and caly. 
The uſe of this inſtrument, is exem- 
plified 1n prob ms concerning lines, ſu- 
erficies, ſolids, and meaſurilig of inac- 
ceſſible diſt ances. 
The author, page 22, ſays, he invent- 
ed an =itrament there deſcribed ; which 
is our parallel ruler with parallel bars: 
The parallel ruler with croſs bars, is a 


more modern contrivance. 


II. Daniel Speckle, in the year 1589, 


: publiſhed in folio, his military archi. 


A 2 Lecture, 


—— — — . —— Coat, 


£ WY 


PCC 


een 
tecture, at Straſburg; where he was 
architect. In his ſecond chapter, he 


takes notice of compaſſes then in ute of 


a curious invention, whoſe center could 
be moved forwards or backwards, ſo 
that by the figures and diviſions mark'd 


theron, a right line could be readily and 


correctiy divided into any number of e- 
qual parts, not exceeding 20. This in- 
ſtrument has been ſince called the pro- 


portional compaſſes. 


In the ſame chapter he mentions ano- 
ther compaſſes, with an immoveable 
center, and broad legs, whereon were 
drawn lines proceeding from the center, 
and divided into equal parts; whereby 
a right line could be divided into equal 
parts not exceeding 20 ; becauſe the di- 
viſions on the lines {till kept the ſame 
proportion to whatever diſtance the legs 
were opened, This inſtrument was 
afterwards call'd the ſeclor. 

III. Dr. Thomas Hood, printed at 
Londen, Anno 1598, a quarto book, in- 


tituled, The making and uſe of a Geo- 


metrical Inſtrument called a Sector. This 
inſtrument conſiſts of two flat legs, 
meveable about a joint; on theſe are 
ſectoral lines, of equal parts, of polygons, 
and of ſuperficies ; that is, lines fo diſ- 


poſed, as to make all the operations that ' 


depend on fimilar triangles quite eaſy, 
and 
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and that without the laying down of 


any figure. To the legs 1s fitted a cir- 
cular arc, an index moveable on a joint, 
and ſights, whereby it is made fit to take 
angles, 

IV. Chriftopher Clavius, in his prac- 
tical geometry, printed in quarto at Rome, 
an. 1604, in page 4, ſhews the con- 


| ſtruction and uſe of an inſtrument, which 


he calls the inſerument of parts; it con- 
fiſts of two flat rulers moveable on a 
joint; on one fide of theſe legs, are the 
ſectoral lines of equal parts; on the o- 
ther ſide, are thoſe of the chords: After 


ſhewing ſome, of their uſes, he concludes 


with ſaying, he is ſenſible of many others 
to which it may be applied, but leaves 
them for the exerciſe of the reader to 
diſcover. 

V. Levinus Huljjus, in his book of 
mechanical inſtruments, printed in quarto 


at Frankfort, An. 1605; gives, in the 


third part, the deſcription and uſe of 
an inſtrument, which Juſtus Burgius 
call'd the proportional compaſs. Hulſius 
ſays, the uſe of it had not been publiſh- 
ed before, although the inſtrument had 

been long known. 
VI. Anno 1605, Philip Horfcher, 
M. D. publiſhed at Mentz, a quarto 
book, containing the uſe and conſtructi- 
on of the proportional compaſſes. This 
A 3 author 
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author does not pretend to be the invent- 


or; but that ſeeing ſuch an mftrument, 
he thought he could, from Eucte, he 
its conſtruction and the grounds of its 
operations. 

VII. Anno 1606, Calilæus publiſhed 
in Italian, a treatiſe of the uſe of an 
inſtrument which he calls, The geometri- 
cal and military compaſs. On this in- 
ſtrument are deſcribed ſectoral lines of 
equal parts, ſurfaces, ſolids, metals, in- 
{cribed polygons, polygons of given areas, 
and ſegments of circles. In the preface 
to an edition of this book, printed at 
Padua, Anno 1640. By Paola Frambotti, 
Galilæus ſays, that on account of the 
opportunity he had of teaching ma- 
thematics at Padua, he thought it 

roper to ſeck out a method of ſhort- 
ering thoſe ſtudies. In another part of 
the preface he ſays, that he ſhould not 
have publiſhed this tract, but in vindi- 
cation of his own reputation ; for he was 
informed that a perſon had by ſome 
means or other, got one of his inftru- 
ments, and pretended to be the inventor, 
although himſelf had taught it ever 
ſince the year 1597. | 

VIII. Anno 1607, Baldeſſar Capra, 
publiſhed a treatiſe of the conſtruction 
and uſe of the compaſs of propor- 
, (or ſector.) He claims the in- 

h vention 
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vention of this inſtrument ; and hence 
aroſe a diſpute between Galilæus and 
Capra; ſome particulars of which has 


been mentioned by ſeveral, and particu- 


larly by Thomas Salusbury, Eſq; in his 


life of Gallzus, publiſhed at the end of 


the ſecond volume of his mathematical 
collections and tranſlations, at in fol. 
London, Anno 1664. 

IX. An. 1610, John Remmelin, M. D. 
publiſhed at Frankfort, a quarto e- 
dition of two tracts of John Faulhaber ; 
one of theſe contains the uſe of the 


ſefor, on which are lines of equal parts, 


ſuperficies, ſolids, metals, chords, &c. 
He ſays, that G. Brendel, a painter, 


uſed this inſtrument in perſpective paint- 


ing. 
. D. Henrion, in his mathematical 
memoirs, Anno 1612, gave a ſhort tract 
of the uſe of the compaſs of proportion 
(or ſector.) In 1616 he printed a book 
of the uſe of the ſector; and a fifth 


edition, in the year 1637, the preface 


to which, ſeems to be wrote in the 


year 1626, wherein he ſays, that about 
the year 1608, he had ſeen in the hands 
of M. Alleaume, engineer to the king of 
France, one of theſe ſectors; where- 
upon he wrote ſome uſes of it, which 


he publiſhed in his memoirs, as above. 


He alſo declares, that before his firſt 
A 4 publica- 
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0 | vil 
publication, he had not ſeen any book 
on the uſe of the ſector, and therefore 
calls what he publiſhes his own. He 
charges Mr. Gunter with having uſed 
many of his propoſitions. This author 
printed at Paris 1626, an octavo book 
of logarithms, at the end of which is a 
tract call'd logocanon, or the proporti- 
onal ruler ; which is a deſcription and 
uſe of an inſtrument, he calls a lattice, 


(perhaps from the chequer-work made 


by lines drawn thereon) which operates 


the problems performed by the French 


ſectors very accurately. | 


XI. Anno 1615, Stephen Michael- 
ſpackers, publiſhed in quarto at Ulm, a 
treatiſe of the proportional rule and com- 
paſs of G. Galgemeyer, reviſed by G. 
Brendel, a painter at Laugingen. On 
theſe proportional compaſſes, are lines 


of equal parts, of polygons, ſuperficies, 


ſolids, ratio of the diameter to the cir- 
cumference; reduction of planes, and 
reduction of ſolids. The uſe and con- 
ſtruction of theſe lines, are ſhewn by a 
great variety of examples. 

XII. Berjamin Bramer, in his book 


of the deſcription of the proportional ru- 


ler and parallelagram, printed in quarto 
at Mar purg, anno 1617 ; ſays, his ruler 
is applicable to the ſame uſes as Juſtus 
Burgius's inſtrument. Bramer's inſtru- 
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ment conſiſts of a ruler, on which are 


lines of equal parts, of ſuperficies, of ſo- 
lids, of regular ſolids, of circles, of 
chords, and of equal polygons; at the 


beginning of each ſcale, is a pin-hole, 


whereby he can apply the edge of ano- 
ther ruler, and ſo conſtitute a ſector for 


each ſcale. 


XIII. Anno 1623, Adriano Metio Alc- 
mariano, printed at Amſterdam a quarto 
book, ſhewing the uſe of an inſtrument 
called the rule of proportion, In his 
dedication, he ſays, that whilſt he was 


reveiwing ſome things relating to practical 


geometry, he met with Galileo's book of 
the uſe of the ſector, which gave him 


opportunity to improve on it, and oc- 


caſioned the publiſhing of this book. 
XIV. Mr. Edmund Gunter, profeſſor 
of aſtronomy in Greſham colledge, print- 
ed at London, an. 1624, a quarto book, 
called the deſcription and uſe of the ſec- 
tor; on which are ſectoral lines, iſt. of 
equal parts; 2d. ſuperficies; 3d. ſolids; 
4th: fines and chords; 5th. tangents ; 
6th. rhum4s ; 7th. ſecants: Allo lateral 
lines of, 2th. quadratures; gth, ſeg- 
ments; 1oth. inſcribed bodies; _ 


equated bodies; 12th. metals : On the 


edges are a line of inches and a line of 
tangents, | 1 
| Mr. 


Mr. Gunter does not ſay any thing 6 
concerning the invention, and has no 3 
preface; but at the end of the tract, in 
a conclufion to the reader, he ſays, that F 
the ſector was thus contrived, moſt part 'B 
of the book wrote, and many copies diſ- F 
perſed, more than ſixteen years before, 
Sc. this article being wrote May r, 
1623, brings the time he ſpeaks of to 4 
about the year 1607, which was before F 
the time Henrion fays he firſt ſaw the 
ſector. | 
The ſcales of logarithm numbers, 
fines, and tangents, were firſt publiſhed 
in 1624, in Gunter's deſcription of the 
croſs ſtaff. | 
XV. Mutio Odd: printed at Milan, 
an. 1633, a quarto book, called the con- 3 
ſtruction and uſe of the compaſſo poli- 4 
metro, (or ſector.) The lines on this 
inſtrument, were ſuch as were common 
at that time. | F 
In the preface he ſays, that about the 
year 1568, Commandine, who then . 
taught at Uybino, did contrive an in- 
ſtrument to divide lines into equal parts, 
which was done at the requeſt of a gen- 
tleman named Bartholomew Euſtacbio, 9 
who had frequent occaſion for the di- | 
viſion of right lines. 
He farther ſays, that about that time, 
Guidobaldo, marqueſs of Monte, 3 
| ive 
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3 lived at Urb1no for the ſake of Comman- 
dine's company, being frequently at the 
houſe of Simone Boraccio, who made 
Command:ine's proportional compaſſes, 
# did contrive, and cauſe to be made, an 
F inſtrument with flat legs, (like the ſec- 
tor) which performed the operations of 
the compaſs more eafily. Odd: ſays al- 
4 ſo, that great numbers were made, and 
F in few years, had many uſeful and cu- 
rious additions, with treatiſes wrote on 
its uſe in diverſe languages, and called 
by different names, which occafioned 
the doubt of whom was the true author, 
every one having found means to ſup- 
port his cauſe : But Odd: ſays, he not 
intending to decide the diſpute, leaves 
3 it to time to diſcover; and ſeems con- 
| | tented to have pointed out who was the 
1 firſt inventor; his chief intention being 
3 that of making the uſe public, and the 
conſtruction eaſy to workmen. 
F The following authors have alſo wrote 
on the ſector, and ſectoral lines. 
XVI. An. 1634, P. Petit, printed in 
8vo. at Paris, a treatiſe on the ſector, 
He thinks Ga/z/zus was the inventor. 
XVII. An. 1635, Mattheus Berneg- 
gerus printed at Strasburg a Ato. edition 
of Galilzus's book on the ſector, which 
4 conſiſts of two parts: To this is added 
3 a third part, ſhewing the conſtruction 
A | of 
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of Galileus's lines, and ſome additional 


uſes and tables. | 

XVIII. An. 1639, Nicholas Forelt 
Ducheſne printed at Paris, in 12mo. a 
book of the ſector. He ſeems to be 
little more than a copier of Henrion. 

XIX. An. 1645, Bettinus in his A. 
fraria untverſa, &c. apiar. 3d. p. 95, 
and apiar. 12, p. 4. In his Ariarum 
pbilo. math. 4to. an. 1648, vol. I. p. 
262. In his Recreationum math, ap- 
piariæ, &c. I2mo. an. 1658, p. 75, 
applies the ſector to muſic. 

XX. Jobn Chatfield printed at Lon- 
don, in 12mo. his trigonal ſector, anno 
1650. 

XXI. An. 1656, Nicholas Goldman 
printed at Leyden, in folio, his treatiſe 
on the ſector. He ſays that Galilæus 
was the firſt who publiſhed the deſcrip- 
tion of the ſector, an invention uſeful 
in all parts of the mathematics, and o- 


ther affairs of life. 
XXII. John Collins printed at Lon- 


don, in 4to. his book of the ſector on 4 


adrant, an. 1659. 


XXIII. Pietro Ruggiero, in his mi- 


litary architecture, in 4to. printed at 
Milan, an. 1661, p. 230, applys the 


ſector to the practice of fortification. 
XXIV. An. 1662, Gaſpar Schottus 


printed at Strasburgh his mathęſis ce- 
: ſarea 


[ xiii 

ſarea, in 4to. in which he gives a de- 
ſcription and uſe of the ſector: In the 
preface he mentions Galilæo as the inven- 
tor of the ſector. 
XXV. J. Templar printed in 12mo. 
at London, an. 1667, a book called Zhe 
ſemicircle on a ſector. He ſays, the ap- 
plying of Mr. Forſter's line of verſed 
| fines to the ſector, was firſt publiſhed 
an. 1660, by John Brown, mathemati- 
cal inſtrument-maker in London. 

XXVI. Daniel Schwenter in his prac- 
tical geometry, reviſed and augmented 
by George Andrew Becklern, printed in 
4to. at Nuremberg, an. 1667, treats 
on the deſcription and uſe of the 
C | 

XXVII. ohn Caramuel printed at 
Campania, an. 1670, his matheſis nova, 
in 2 vols, folio. In the 2d vol. p. 
1158, he treats on the ſector, relates 
the conteſt between Galilæus and Capra, 
and thinks the ſame might have been 
objected againſt others, as well as againſt 
Capra: He allo ſays, that Clavius had 
ſuch an inſtrument before that of Ga- 
lilæus appeared; and Clavins having 
taught for a long time at ' Rome, had 
many ſcholars, ſome of whom might 
have carried his inſtruments to ſeveral 
countries. Caramu i mentions a ſtory 
of a Hollander ſhewing to Galilæus an 

inſtrument 


[ xiv ] 
inſtrument of this ſort, that he had 
brought from his country, and of which 
Galilæus took a c 

XXVII. John Brown, in his book 
on the triangular quadrant, printed in 
8vo. at London, an. 1671. 

XXIX. Yohn Chriſtopher Roblhans, in 
his math. and optical curiofittes, printed 
in 4to. at Leipſic, an. 1677, p. 216. 

XXX. An. 1683, Staniflawa Sol. 
ſeiego ee at W his geometrid 
et architectura Polſei, in folio, p. 09, 
treats on ſome ſectoral lines. 9 

XXXI. Henrich Jaſper Nuis, print- 1 
ed at Tezwolle, in to. his Rectangulum 
catbolicum geometrica aſtroncimicum, an. 
1686. 
XXXII. De Chales, in his curſus ma- 
. printed at Leyden, in 2 vols. fol. 

z.. 1690. Vol. 2d. p. 58, relates the 4 
edt between Galilæus and Capra, 1 
and aſcribes the invention of the pro- 
portional compaſs to Dr. Horcher, or 

XXXIII. An. 1691, an edition 1n 9 
gvo. of Mr. Ozanam's treatiſe of the 7 
ſector, was printed at the Hague. 
XXXIV. P. Hoſte printed at Paris 
his courſe of mathematics, in 3 vols. F 
8vo. an. 1692. In vol. 2d. p. ne 2 
gives a tract on the ſector, 
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( xv ] 
XXV. Thomas Allingham in his 


ſhort treatiſe on the ſector, in gto. Lond. 


1698. 6 
XXXVI. J. Good, in his freatiſe on 
the ſeckor, in 12mo. Lond. 1713. 
XXXVII. CHriſtian Molſius, in his 
math. lexicon, 8vo. printed at Leipſic, 
an. 1716, under the word crrcinus pro- 
tionum, relates, that Levinus Hulſius, 
in his treatiſe on the proportional com- 
paſſes, printed at Frankfort the 1oth 


of May, 1603, ſays, that he firſt ſaw 
the ſaid inſtrument at Ratisbon, on the 


day of the imperial dyet: That he had 
ſold them far and near before 1603; 

and that it had been inaccurately copied 
in ſeveral places: Woſſius ſays farther, 
that Juſtus Burgius was certainly the 
inventor, but uſed to let his inventions 


lye unp d. 


He 1 relates the conteſt between 
Galilæus and Capra, and ends with 
ſhewing the difference between the in- 
ſtruments of Burgius and Galilzus, ; 

XXXVIII. M. Bion, in his con- 
ſtruction of mathematical inſtruments, 
tranſlated by Edmund Stone, fol. Lond, 
1723. 

XXIX. Mr. Belidor, in his new 
courſe of math, in 4to. p. 364, Paris, 
1725. 
| 7 þ 4 
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XL. Roger Rea, in his ſefor aid 
plane ſcale compared, J vo. Lond. 1727, 
2d edition. 

XLI. Vincent Toſco, in his compore 
dium of the math. in g vols. SVO. Ma 
grid, 1727, vol. I. p. 359. 

XLII. Jacob Leupold, in his cheat iin 
arithmetico-geometricum, in fol. Leigic, 
1727. p. 86, gives a detail of the in- 
ventors of the proportional! compaſſes 
and ſector, which goes on to p. 121, 
and then he gives a liſt of the authors 
who have wrote on proportional inſtru- 
ments, vi. Bramer, 1617; Capra, 
1607 ; Caſati, 1664; Conette, 1626 ; 
Dechales, 1690; Dolz, 1518; Faut- 
baber, 1610; Galgemeyer, 1615; Bren- 
dell, 1611; Galilæus, 1612; Goldman, 
1656 Hor ſeber, 160 5; Horen, 1505; 
Hulſius, 1604; Clavius, 1615; Lick- 
manns, 1626; Metius, 1623; Pa- 
tridge --- ; de Saxonica, 1519; Scheffelts, 
1697; Steymann, 1624; Uttenboffers, 
1620. | 1 
XLIII,. Samuel Cunn, in his new 
treatiſe en the ſector, 8 vo. London, 

1729. 

MIV. William Webſter, in his ap- 

pendix to a tranſlation of P. Hoſt's ma- 
thematics, 8vo. 2 vols. London, 1730. 


There 


nr 


[ xvi 
There may be ſeveral other authors 
who have wrote on the conſtruction 


and uſe of the ſector, or on ſome of 
the ſectoral lines; but thoſe above, are 


all that have come to hand ; and indeed 
theſe are many more than are wanted to 
determine this enquiry ; which may be 
collected chiefly, from Mordente, Speckle, 
Hood, Clavius, Hulſius, Galil;zus, Oddi, 
Saluſbury, Caramuel, Dechales, Mol- 


us, and Leupold; the others ſerving 


only to inform the reader what works 
are extant on this ſubject. From the 
whole he may obſerve, that there are 
few countries in Europe, but have 
one or more treatiſes on the propor- 
tional compaſſes and ſector, in their 
own language; and this is ſufficient to 
ſhew, that theſe inſtruments have been 
in univerſal eſteem. 

What is done in this eflay, and 
in the following work, is ſubmitted 
to the reader's judgment; who, it is 
hoped, will excuſe ſuch little faults, 
or inaccuracies, as may have eſcaped 
the author's notice; his intention be- 
ing no more, than that of giving aſ- 
ſiſtance to beginners in the mathemati- 


cal ſtudies. 


October, 27, 
1746. | 
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Of the moſt Neceſſary 


Mathematical Inſtruments. 


78 g A SE S of Mathematical Inflru- 


ments are of various forts and ſizes; 
and are commonly adapted to the 
fancy or occaſion of the perſons 
b| who buy them. 

1 THE ſmalleſt collection 1 in 2 caſe, common- 
3 ly conſiſts of, 

9 . of compaſſes, one of whoſe points 
may be taken off, and its Place ſupplicd 
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2 The Deſcription and Uſe 
A crayon for lead or chaiks. 

A drawing pen for ink. 

II. A plane ſcale. 


Wir theſe inſtruments only, a tolcrable 


ſhift may be made to draw moſt mathema- 
tical figures. 

Bur in ſets, called condi pocket-caſes, be- 
fide the nſtroments above, are the follow- 
ing. 

III. A dale pair of compaſſes. 

IV. A par of hows. 

V A black-lead pencil, with a cap and 
Feeder. 

VI. A drawing-pen with a protracting pin. 

VII. A protrackor. 

VIII. A Parallel- ruler. 

IX. A ſector. 

In the beſt fort of caſes, the plane ſcale, 


protra&or, and parallel ruler, are Included 1 in 


one inſtrument. 
TE common, and moſt and ſize of 


theſe inſtruments, is ſix inches; though. they. 


are ſometimes made of other ſizes, and par- 
ticularly of four inches and a half. 

Note, The ſize of a caſe is named from the 

length of the ſcale or feftor. 

A more uſeful cafe of inſtruments, is the 
box-caſe ; whole top. within, contains the rulers 
and ſcales: The compaſſcs, drawing- pen, Gr. 
lie in the partitions of a drawer, that drops 
into the bottom part of the caſe, but not 
quite to the bottom; leaving room under it 
for Hlacł- lead pe nds, hair pencils, Indian ink, 
calgur cells, &c, and beſide the inſtruments 

already 
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of Mathematical Inſtruments. 32 
already enumerated, in this ſort of caſe are 
put 5 


X. A tracing-pornt. 


= XI. A pair of proportional compaſſes. 


XII. A gunner*s callipers. 1 2 
Bur the caſe of inſtruments called the 
magazine, is the moſt complete collection; 


for this contains whatever can be of uſe in 


the practice of drawing, deſigning, &c. and 
as the greateſt part of theſe inſtruments are 
ſcarcely ever uſed but in the ſtudies or cham- 
bers of thoſe who have occaſion for them; 
therefore it will be uſcleſs to inſiſt on pocket 
caſes; for few perſons care to load rhem- 
ſelves with the carriage of what is called a 
complete ſet, unleſs it be children who are 
learning the ſcience, or elſe, pretenders to 
art, 


SCT. II. 
Of the Co MP AS SES. 


T HOSE Compaſſ-s are reckoned the 
beſt, part of whoſe joint is ſteel ; and 


where the pin or axle on which the joint 
turns, is a ſteel ſcrew ; for the oppoſition of 


—— —-—3. æ 


the metals makes them wear more equable: 


and by means of the ſcrew axle, with the 


help of a furn. ſcrew, (which ſhould have a 
Place in the caſe) the compaſſes can be made 
to move in the joint, ſtiffer or eaſier, at 
Pleaſure, If this motion is not uniformly 
ſmooth, it renders the inſtrument leſs accurate 


in uſe. Their points ſhould be of ſteel, and 
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4 The Deſcription and Uſe © 


pretty well hardened; elſe in taking meaſures 


off the ſcales, they will bend, or be ſoon 
blunted. They alſo ſhould be well poliſhed, 
whereby they wil be preſerved free from ruſt 


a long time. 
To one point of the ſmaller — i it 


is common to fix in the ſhank a ſpring, 
which by means of a ſcrew, moves the 
point; ſo that when the compaſs is opened 


nearly to a required diſtance, by the help of 
the ſcrew the points may be ſet exactly to 
that diſtance 3; which cannot be done ſo well 


by the motion in the joint, 


TRE uſe of theſe lefler compaſſes, is to 
transfer the meaſures of diſtances from one 


Place to another; or, to deſcribe obſcure 
arcs. 

Or the large Gized compaſſes, thoſe are 
eſtecmed the beſt, whoſe moveable points 
are locked in by a ſpring and catch fixed in 
the ſhank ; for if this ſpring be well effect- 
ed, the point is thereby kept tight and 
ſteady the contrary of which frequently 
happens, when the point is RIPE in by a ſcrew 


in the ſhank. 
Tk uſe of” theſe compaſſes are to de- 


ſcribe arcs or circumferences with given ra- 


dius's: and it is caſy to conceive, that theſe 
arcs or cireumferences can be deſcribed, ei- 


ther obſcurely - by the ſteel point; in ink, by 
the ink point; in black Icad or chalks, by 
the crayon; and with. dotts, by the dotting- 
wheel ; for either of them may be fixed in 


the ſhank in the place of the ſteel point. 
Bas. io 20 ble | 5. 
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As the dotting-whee] has not hicherto 
been effected, ſo as to deſcribe dotted lines or 
arcs, with any tollerable degree of accuracy, 
it ſeems therefore to be uſeleſs: and, indeed, 
dotted lines of any kind are much better made 
by the drawing-pen. . 

TE drawing- pen point, and crayon, 
have generally (in the beſt fort of caſes) a 
ſocket fitted to them: fo that they occupy 
but one of the holes, or partitions, in the 
Caſe. | 
Tux ink, and crayon points, have a joint 
in them, juſt under that part which locks 
into the ſhank of the compaſſes; becauſe the 
part below the joint ſhould ſtand perpendi- 


cular to the plane on which the lines_are 


deſcribed, when the compals is opened. 


nd 


time ,they were uſed ; and would increaſe 
the expence, or bulk of the caſe, but a 
trifle. 


Sz r. II. 
Of the Bows. \ 


HT HE bows are a ſmall fort of compaſſes, 
that commonly ſhut into a hoop, which 
ſerves as a handle to them. Their Ule.t1s to 


deſcribe arcs, or the circumferences of circles, 
| | B 3 whoſe 


5 be Deſcription and Uſe 
whoſe radius's are very ſmall, and could not 
be done near ſo well by larger compaſſes. 


| SE er. IV. 


7 the Black-lead Pencil, Broder, and 
Tracing Point. 


HE Black-head pencil is uſeful to deſcribe 
the firft draught of a drawing, before 

it is marked with ink 3 becauſe any falſe 
ſtrokes, or ſuperfluous lines, may be rubb*d 
out with a handkerchief or piece of bread. 

Taz Feeder is a thin flat piece of metal; 
and ſerves either to put ink between the blades 
of the drawing-pen, or to paſs it between the 
points, when the ink by drying, does not flow 
freely. 

Tur Tracing Point is a pointed piece of 
ſteel, and is commonly at the other end of 
the handle to which the feeder is fix'd. Its 
uſe, is to help the making of an exact copy 
of a drawing or print, which may be done ag 
follows. 
O a piece of paper, large enough to cover 
the thing to be copied, let there be ftrewn 
the ſcrapings of red chalk, or of black chalk, 
or of Blacꝶ leads rub theſe on- the paper, o 
that it be uniformly covered; and wipe off, 
Wh a piece of muſlin, 2s much as will come 
y with gentle rubbing. Lay the coloured 
ade of this paper, next to the vellum, paper, 
Sc. on which the drawing is to be made: on 
the back of the colour'd paper, lay the draw- 


ing, Sc. to be GN the corners 
with 


we . — Ger.  ecoiot- ot A CHUA. LOG. LUN ere tncr rt. 


of Mathematical Iuſtrumente. 9 


with weights, or pins, that the papers may 
not flip : trace the lines of the thing to be 
eopied, with the zracing point; and the lines 
{6 traced will be impreſꝰd on the e] an paper. 

And thus, with care, may a drawing or 
print, be copied without beir g much damage 


Note, The coloured paper will ſerve a great 
many timcs, 


Sr 


07 the Drawi ng-Pen and Protra#i 2 
* | 


HE Drawing-pen is an inſtrument ofed 
only for drawing of right lines; and con- 
fiſts of two blades, with ſteel points, fix'd to 
a handle, The blades by being a little bent, 
cauſe the ſtecl points to come nearly together; 
but by means of a icrew paſſing through both 
of them, they are brought cloſer at pleaſure, 
as the line to be drawn ſhould be ſtronger. or 
finer. 

In uſing this inſtrument, bet the ink be⸗ 
tween the blades with a common pen, or with 
the feeder ;, and (by the ſcrew) bfing them to 
a proper diſtance for drawing the intended 
line: hold the pen a little in elined, and ſo that 
both blades touch the paper; then may a line 
be drawn very ſmooth, and of equal breadth, 
which could not be done ſo well with a com- 
mon pen. 


B 4 TY Note, 


38. 


* * 
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8 The Deſcription and Uſe 

Nie, B fore the aaa, pen is put into 

the caſe, the in k ſhould be wiped from be- 
tween the blades z oth. 5 they will ſoon 
ruſt and ſpoil, eſpecially with common ink. 
And that they may be clcan'd eaſily, one of 
the blades ſhould move on a joint. 

Tae directions given about this drawing- 
pen, will ſerve for the drawing. pen point, uſed 
with the compaſſcs. 

Tux Protracting pin is a piece of pointed 
ſteel (like the point of a needle) fixed into 
one end of a part of the handle of the drat- 
ing pen; into which, the piece with the pin in 
it, generally ſcrews. Its uſe is to point out 
the interſcctions of lines; and to mark off 
the diviſions of the protracter, as hereafter 


pores 
SECT. VL 
Of the PARALLEL-RULER. 


HIS inftrument conſiſts of two Rulers, 
connected together by two metal bars, 
moving caſily round the rivets which faſten their 
ends; theſe bars are ſo placed that both have the 
ſame inelination to each Ruler; whereby they 
will be Parallel at every diſtance, to which 
the bars will ſuffer them to receed. 

Bur the beſt | Parell:[-Rulers are hae; 
whoſe bars croſs each other, and turn on a 
Joint at their interſection; one end_of_cach 
bar moving on a centre, and the other ends 


Song on grooves as the Rulers receed. 
| Tris 
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'Turs inſtrument | is very ufctul in delineating 
civil and military architecture, where there 
are many Parallel lines to be drawn ; and alſo 
in the ſolution of ſcveral geometrical Problems; $- 
ſome of which are as follows. * 


PROBLEM L 


A right line A B being given, to draw a line 
2 thereto, that ſhall 4 thro a given 
point C (Fig. 1.) 

Con; Apply one ether of the Surat vlg 
to the given line A B; preſs that ruler tight 
againſt the paper with one hand, move the 
other untill its edge cut the point C; there 
ſtay the ruler, and by its edge draw a line 
chro⸗ C, then this line will be parallel to A B. 

Tr the point C happens to be farther from 
the line A B, then the rulers will open to; 
ſtay that ruler neareſt to C, and bring the o- 
ther cloſe to it, where let it reſt, and move 
forward the ruler neareſt to C, and fo con- 
tinue till one ruler is brought to the point in- 
tended. 

Tux manner of uſing the parallel. ruler 
as here directed, is underſtood to be the ſame 
in the ſolution of the following PROBLE Ms. 


PROBLEM II. 
Hh 


A right line A B being given, 10 divide it in- 

to any propos d number f equal parts; Juppoſe 5. 

(Fig. 2.) 

Co. Draw the indefinite right line B C, 

ſo as to make with A B, any angle at plcaſure: 
ig | 
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with any convenient opening of the cofm- 
paſſcs, lay off on B C, the required number 
of cqual parts, 9. 1, 2, 3, 4, 5 3 lay the 
edge of the paralie/-ruler by the points 5 and 
A, and Darallel the TCO, thr? the points 4, 3g 
2, 1, draw lines; then A B, by the unter- 
ſect ion of thols lincs will be divided into 5 


equal parts. 
PROBLE M III. 


Any right lined polygon being given, to make a 
right linꝰd triangle of equal area. 

Exam. I. To make à triangle of equal area 
to the quadrilateral A BC D. (Fig. 3.) 

Con. Prolong A B; dew CB; and chro? 


D, draw D E parallel to C B, cutting AE - 


m E; then a line drawn ſoar to E fofms 
the triangle ACE, of equal #fc# to A 5 


D C. 


Ex AM. II. Given the pentagon AB 0 D 


E; requir'd to make a triangle of __ area, 


(Fg 4.) 
Con. Produce D C to F 2 draw A Cy > 


B. draw B F parallel to A C 5 ard e AF, 
Thea the of the trapezium AF DE will be 
equa] to the arca of the pentagon A BCD E. 


= pk Produce E D towards G; draw A 


tro? F, draw F G parallel toR D, and 


draw AG. Then the arca of the triangle Ag 


E, will be equal to that of the trapezium 
A F D E; and conſequently, to * of the 
5 A B CD E. 


Ex AR. III. To make a triangle alis area 


60 the Hexagon, A B CD E F. (Fig. g.) 


Cox. Draw F D, and parallel thereto, 


thro” 
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thro' E, draw E G. Produce C D to G, and 


draw G F. Then the triangle F G D is equal 


to the triangle F E D, and the given Hexagon 
is reduced to the Pentagon A B C GF equal 
in area. 

Again. Draw A G; thro' FE, draw FH 
parallel to A G. Produce C G to H; draw 
A H, and the pentagon is reduced to the tra- 
pezium AB CH. 

Laſtly, Draw A C, and parallel thereto, 
thro' H, draw H I. Produce B C to I, and 
draw A I. Then the trepezium is reduced to 
the triangle A B I, which is equal in area to 
the given Hexagon AB CD E F. 

Exam. IV. Given the nine ſided fgure A 
BCDEFGHI, 10 make à triangle of equal 
area, (Fig. 6.) 

Co. 1ſt, Draw I B, and thro? A draw A, 
K parallel to IB. Produce HI to K, and 
draw B K; ſo the three ſides HT, I A, A B, 
are reduced to the two ſides H K, K B. 8 
2d, Draw K C, and thro' B draw BL pa- 
rallel to K C; and draw K L, and the three 
fides D C, C B, B K, are reduced tO the two 
fides DL, LX. 

3d, Draw K G; thro? H, draw H M, pa- 
rallel to K G, and draw K My ſo the three 
fides K H, HG, G F, are reduced to the 
fides K M, and M F. * 

Ath, Draw KF; thro' M, draw MN, pa? 
rallel to K F, and draw K N ſo the three 
ſides K M, MF, F E, are reduced to two 
fides K N, N E. 
gth, Draw L N, and thro' K, draw K O, 
Parallel to L N. Produce E N to ©, and 


draw 
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draw LO; fo the three ſides E N, N K, K 
L, are reduced to the two ſides EO, OIL. 
Lafth, Draw LE, and thro! D, draw D 
P parallel to LE. Produce O E to P, and 
draw LP; fo ſhall the triangle O L P be e- 


qual in area to the given nine ſided figure. 
PRO EE DING in the fame manner; a fi- 
gure of any number of ſides may be reduced 


to a triangle of equal area. 
S E c F. VII. 
O the PRO TRAC TOR. 


H E Protractor, is an inſtrument of a 
| ſemicircular form ; being terminated by 
a right line repreſenting the diameter of a cir- 
cle, and a curve line of half the circumference 


of the ſame circle. As at Fig. 7. The point 


C, (the middle of AB) being the centre of 
the ſemicircumference A DB, which ſemicir- 
cumference is divided into 180 equal parts 
call'd degrees; and for the convenience of 
reckoning both ways, is numbered from the 
left hand towards the right, and from the right 
band towards the left, with 10, 20, 30, 40, 
&c. to 180, being the half of 360, the de- 
grees in a whole circumference. The ule of 
this inſtrument is to protracs, or lay down an 
angle of any number of degrees, and to find 


the number of degrees contain'd in any given 


angle. 
B v this inſtrument is made much more 


commodious, by transferring the diviſions on 


the ſemicitcumference to the edge of a ruler, 
whoſe 


Webs 
. 


— - — —— 


of Mathematical Inſtruments. 1 3 


whoſe ſide E F is parallel to AB; (ſee Fig. 7.) 
which is done by laying a ruler on the centre 
C, and the ſeveral diviſions on the ſemicircum- 


ference A D B, and marking the interſections. 
of that ruler on the line E F, which may eaſily 


be conceiv*d by obſerving the lines drawn from 
the centre C to the diviſions 9o, 60, 30; ſo 
that a ruler with theſe diviſions mark*d on 3 
of its ſides and numbered both ways, as in the 
Protrafor, (the fourth or blank fide repre- 
ſenting the diameter of the circle) is of the 
ſame uſe as a Protractor, and is much better 


adapted to a caſe. 


THA x fide of the inſtrument on which 
the diviſions are mark*d, is calPd the gradua- 
ted _ or limb of the m. which 


— — 


poined off, 


PROBLEM. IV. 
A number of degrees being given; io pro- 


tract, or lay down an angle whoſe meaſure ſhall 


be equal thereto. - And an angle being protract. 
ed, or laid down, to find what number of e 
meaſures that angle. 

Exam. I. To draw a line * the point A, 


hat ſhall e an angle with the line A B of 


48 deg. Fig. 

Appl th blank edge of the protractor 
to the line A B, ſo that the middle or centre 
thercof (which is always mark'd) may fall on 
the point A; then with the protracting-pin, 
make a mark on the paper againſt the diviſion 

On 
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on the limb of the inſtrument numbered with 
the degrees given; (viz. 48.) counting from 


the right hand towards the left; a line drawn 


from A, through the ſaid mark, as A C, 
ſhall with A B, form the angle required, ix. 
48 degrees. 


Ir che line had been to make an angle with 


A B, at the point B; then the centre muſt 
have been laid on B, and the divigons counted 
from the left had towards the right. 

Exam. II. To find the number of degrees 


which meaſure the angle A B C. Fig. 9. 
AyPLy the blank edge of the protractor to 


the line A B, ſo that the centre ſhall fall on 
the point B; then will the line B C cut the 
limb of the Inſtrument in the number ex- 
preſſing the degrees which meaſure the given 
angle; which in this example is 125 de- 
grees, counting from the left hand towards 


the right. 
PROBLEM. V. 


From am given point A, in a Jine A B. to 


ere? a perpendicular. Fig. 10. 

Lay the protractor acroſs the line A B in 
ſuch a manner that the centre on the blank 
edge, and the diviſion numbered with-go, on 
the limb, may both be cut by the given line; 
then keeping the Ruler in this poſition, flide 
it along the line, till one of theſe points touch 
the given point A, draw the line C A, and 


it will be perpendicular to AB. 
In 
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In the ſame manner, a line may be let fall 
from a given point, perpen dicular to a given 
line. | 


PROBLEM VI. 
In a TY given to —_ any regular Poly- 


gen. Sup. an octogon. Fig. ? 


Con Apply the blank 8 of the pro- 
rector to the diameter of the Circle, fo that 
th.ir centres ſhall coincide; ſet off a number 
of degrees cqual to an angle at the centre 
of chat polygon, (viz. 45.) and through that 


mark draw a radius; then ſhall the chood of 


the arc cxprofſing; thoie degrees, be the ſide 
of the intended palygon; which chord taken 


between the compaſſcs, will divide the eireum- 


fercnee into as many equal parts as the polygom 
has ſides, viz, 8, 
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the Centers and Circumferences of re- 
gular Polygons from three to twelve 


Sides incluſive. 


Trigon 
Square 
Pentagon | 
Hexagon 
Heptagon 


Nonagon 
Decagon 
Endecagon 
Dodecagon 12 


Names. 


Octagon 


O GON} On þ w Hops 


10 


EP! 


Anglesat Center 


Angles 


| 


60? 
90 


108 


120 


123 
135 


140 


144 


32 43147 
. 


OO 
OO 


OO 


Pw 
I 2 


16 +] 


Tris table is conſtructed, by dividing 


quotients are the angles at the centers; the 
angle at the center ſubſtracted from 180 
degrees, leaves the angle at the circum- 
o 


PROBLEM VII. 


Upon a given right line AB, to deſcribe any 


regular polygon, Fig. 12. 


Con- 


A TABLE, ſewing the Angler ar 


ae 4% 
v3 


360, the degrees in a circumference, by the 
number of ſides in each polygon 3 and the 


* 
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ConsTRUCT1ON., From the ends of the 
given line, draw the lines AD, BC; ſo that: 
the angles BAD, ABC, may each be equal 

to the angle at the circumference in that po- 
lygon 3 make AD, BC, each equal to AB; 
from the points D and C, draw lines that 
ſhall make with DA, CB, angles equal to the 
former; make theſe lines each equal to AB; 
and ſo continue, till a polygon is ſorm'd of 
as many ſides as required. 

Exam. I Upon the line AB to deſcribe an 
hexagon. Fig. 12. 

Draw AD, BC, ſo that the angles DAB, 
ABC, may be each 120 degrees; make DA. 
BC, each equal to AB: alſo, make the angles 
FDA, ECB, each equal to 120 degrees, and 

make DF, CE, each equal to AB; draw FE 
and 'tis done. 

Or it may be done by help of the parallel 
ruler, there being an even number of ſides. 
Thus, = 

Havins form'd the three ſides DA, AB, 
BC, as before directed, through D, draw DF 

> parallel to BC; make DF. equal to AB; 

2 through F draw FE paralle] to AB: make 

& FE equal to AB and join CE. | 

1 Ex AM. II. Upon the line AB to deſcribe a 

= -7eniagon. Fig. 13. | 

F | DRAwWw CA, DB, that each may make 

with AB, an angle of 108 degrees. Make 

CA, DB, each equal to AB; oa the points 45 

C and D, with che compaſſes opened to the 

diſtance AB, diſcribe ares to croſs each other 

in E; draw EC and CD, and 'tis dane. a 
C "oo 
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In any regular polygon, having found all 
the ſides bat two, as above directed ; thoſe 
may be found as the laſt two in the pentagon 


Were. 


er.. 
Of the Plain Scale. 


HE lines generally drawn on the plain 
ſcale, are theſe following: 


I. Lines of equal parts. 


II. Chords. 
III. Rhumbs. 
IV. — - Sines. 
V. ———  Tangents, 
VI. Secants. 
VIE — — Halt Tangents. 
VIII. ——— Longitude. 
IX. —— — Latitude. 
X. — Hours. 
XL. — — - Inclinations. 


Of the Lines of equal Parts. 


1 INES of equal parts are of two ſorts, 
— viz, imply divided, and e di- 
vided. 

I. Simply divided. Draw 3 lines parallel 
to each other, at unequal diſtances, (Fig. 14.) 
and of any convenient length; divide this 
length into what number of equal parts is 
thought neceſſary, allowing ſome certain num- 


ber of theſe parts to an inch, ſuch as 2, 2 2, 


25 
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3, 3 2, 4, 42, Cc. which diviſions diſtin- 
guiſh by lines drawn acroſs the three pa- 
rallels. Divide the left hand diviſion into 
10 equal parts, which diftinguiſh. by lines 
drawn acroſs the lower parallels only; but, 
for diſtinction ſake, let the 5th diviſion be 
ſomewhat longer than the others: And it may 
not be inconvenient to divide the ſame left- 

hand diviſion into 12 equal parts, which are 
laid down on the upper parallel line, having 
the 3d, 6th, and gth diviſions diſtinguiſhed 
by longer ſtrokes than the reſt, whereof that 
at the 6th diviſion make the longeſt. 

THERE are, for the moſt part, ſeveral of - 
theſe ſimply divided ſcales put on rulers one 
above the other, with numbers on the left 
hand, ſhewing in each ſcale, how many equal 
parts an inch is divided into; ſuch as 20, 25, 
30, 35, 40, 45, Sc. and are ſeverally aked, 
as the plan to be expreſſed ſhould be larger 
or ſmaller. 

Tux uſe of theſe lines of equal parts, is 
to lay down any line expreſſed by a number 
of two places or denominations, whether de- 
cimally, or duodecimally divided; as leagues, 
miles, chains, poles, yards, feet, inches, &c. 
and their tenth parts, or twelfth parts: Thus, 
if each of the diviſions be reckoned 1, as x 
league, mile, chain, &c, then each of the 
ſubdiviſions will expreſs +5 part thereof; and 
if each of the large diviſions be called 10, 
then each {mall one will be 1; and if the 
large diviſions be 100, then each ſmall one 
will be 10, Sc. 


C-2 THERE- 
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THEREFORE to lay off a line 8 44, 87, 
or 870 parts, let them be leagues, miles, 


chains, c. ſet one point of the compaſſes 
on the 7th of the {mall diviſions, counting 


from the right hand towards the left, and o- 


pen the compaſſcs, till the other point falls 


on the 8th of the large diviſions, counting 


from the left hand towards the right, then are 
the compaſſes opened to expreſs a line of 8 4, 


87 or 870 leagues, miles, chains, &c. and 
bears ſuch proportion in the plan, as the line 


meaſured does to the thing repreſented. 

Bur if a length of feet and inches was to 
be expreſſed, the fame large diviſions may re- 
preſent the feet, but the inches muſt be ta- 
ken from the upper part of the firſt diviſion, 
which (as before noted) is divided into 12 e- 
qual parts. 

Tus, if a line of 7 8 inches was to 
be laid down; ſet one point be the compaſſes 
on the 5th diviſion among the 12, counting 


from the right hand towards the left, and 


extend the other to 7, among the large di- 
viſions, and that diſtance laid down in the 
Plan, ſha]] expreſs a line of 7 feet 5 inches: 
And the like is to be underitood of 8 
ther dimenſions. 

II. Diagonally divided. Draw eleven lines 
parallel to each other, and at equal diſtances; 


divide the upper of theſe lines into ſuch a 


number of equal parts, as the ſcale to be ex- 
reſſed is intended to contain, and from each 
of theſe diviſions draw perpendiculars through 
the cleven parallels, (Fig. 15.) ſubdivide the 


firſt of theſe diviſions into 10 equal parts, 
both 
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both in the upper and lower lines; each of 
theſe ſubdiviſions may be alſo ſubdivided into 
10 equal parts by drawing diagonal lines; v2. 
from the 1oth below, to the gth above; 
from the gth below, to the 8th above ; from 
the 8th below, to the 7th above, Sc. till 
from the iſt below to the oth above, 1o that 
by theſe means one of the primary diviſions 
on the ſcale, will be divided into 100 equal. 
parts. a 

THERE are generally two diagonal ſcales 
laid on the ſame plane or face of the ruler, 
one being commonly half the other. (Fig. 15.) 

TRE uſe of the diagonal ſcale is much the 
ſame with the fimple ſcale; all the difference 
is, that a plan may be laid down more accu- 

rately by it : - Becauſe in this, a line may be 
taken of three denominations ; whereas from 
the former, only two could be taken. 

Now from this conſtruction it is plain, if 
each of the primary diviſions repreſent T, 
each of the firſt ſubdiviſions will expreſs A of 
I ; and each of the ſecond ſubdiviſions, (which 
are taken on the diagonal lines, counting from 
the top downwards) will expreſs + of the 
former ſubdiviſions, or a root of the primary 
diviſions ; and if each of the primary diviſions 
exprels 10, then each of the firit ſubdiviſions 
will expreſs r, and each of the 2d, - —_ and 
if each of the primary diviſions repreſent 100, 
then each of the firſt ſubdiviſions will be 10; ; 
and each of the 2d will be 1, Ec. 

THzREFORE to lay down a line; whoſe 
length is expreſs'd by 347, 34 i or 3 e 
whether leagucs, milcs, chains, Sc. 


G24; ON 
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Ox the diagonal line, join'd to the 4th of 
the firſt ſubdiviſions, count 7 downwards, 
reckoning the diftance of each parallel 1; 
there ſet one point of the compaſſcs, and ex- 
tend the other, till it falls on the interſcction 
of the third primary diviſion with the ſame 

rallel in which the other foot refts, and the 
compaſſes will then be opened to expreſs a 
line of 347, 34 ; Or 3 48. Oc. 

Tos who have frequent occaſion to uſe 
ſcales, perhaps will find, that a rular with the 
20 following ſcales on it, viz. 10 on each face, 
will ſuit more purpoſes than any ſet of ſimply 
divided ſcales hitherto made public, on one 
ruler. 


Tux left hand primary diviſion, to be di- 
vided into 10 and 12 and 8 parts; for theſe 
ſubdiviſions are of great uſe in drawing the 
parts of a fortreſs, and of a piece of cannon. 

IT will here be convenient to ſhew, how 
any plan expreſſed by right lines and angles, 
may be delineated by the ſcales of equal parts, 
and the protractor, 


PRO BL E M. VII. 


Tyree adjacent things in any right line, tri- 
angle being given, io form the plan thereof. 
Ex AM. Suppoſe a triangular field, ABC, 
(Fig. 16.) the ſide AB=327 yards; AC=208 
yards; and the angle at A=44+ degrees. 


Cons. 


The diviſions 12. a 1, 12,1 3 . 15, 165, 18, 20, 22, 25, 3 
Other Side F to an inch 7. 28, 32, 36, 40, 45, 5G, 60, 70, 85, 100, E 
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| Cons. Draw AB at pleaſure ; from the 
ſcale take 327, and lay it from A to B; 
ſet the center of the protractor to the point 
A, lay off 44 + degrees, and by that mark 
draw AC: Take from the ſame ſcale 208, 
lay it from A to C, and join CB; ſo ſhall 
the parts of the triangle ABC, in the plan, 
bear the ſame proportion to each other, as the 
real parts in the field does. 
| Is two angles and the fide contained be- 
tween them were given, draw a line to ex- 
preſs the ſide; (as before.) at the ends of that 
line, point off the angles, as obſerved in the 
field; lines drawn from the ends of the given 
line through thoſe marks, ſhall form a tri- 
angle ſimilar to that of the field. 


PROBLEM. IX. 


Five adjacent things, ſides and angles, in a 
right lind quadrilateral, being given, to lay 
down the plan thereof, Fig. 17. 

EXAMP. Given I YM 70% AB=215 
links; S B= 115* BC = 596 links; 
Tes ! . | TR | 

DRAW AD at pleaſure; from A draw 
AB, fo as to make with AD an angle of 
70? : Make AB=215 ; (taken from the 
ſcales.) rom B, draw BC, to make an angle 
cf 115%? : Make BCS 596 from . draw: 
CD, to make an angle of 1145, and by the 
: interſection of CD with AD, a quadrilateral 

will be form'd ſimilar to the figure in which 
ſuch meaſures could be taken as are expreſſed 
in the example. 


C 4 Ir 
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Ir 3 of the things were ſides, the plan 
might be formed with equal eaſe, 
FOLLOWING the lame method, a figure of 
many more ſides may be deſineated; and in 
this manner, or ſome other like to it, do 
ſurveyors make their plans of ſurveys. 
The Conſtruction of the remaining Lines 
of the PLAIN SCALE. 


PREPARATION, Fig. 18. 


DxscRiIBE a circumference with any con- 
venicnt radius, and draw the diameters AB, 
DE, at right angles to each other; continue 
BA at pleaſure towards E; through D, draw 
D parallel to BF; and draw the chords BD, 
BE, AD, AE. Circumſcribe the circle with 
the ſquare HMN, whole ſides HM, MN, 


ſhall be parallel to AB ED. & 
I. To conſeruct the Line of Chords. 


Divipe the arc AD into go equal parts; 
mark the roth diviſions with the figures 10, 
20, 30, 40, 50, 60, 70, 80, 903 on D, as a 
center, with the compaſſes, transfer the Cara) 
diviſions of the quadrantal arc, to the chord 
AD, which marked with the figures corre— 
ſponding, will become a line of chords. 

Moe, In the conſtruction of this, and the 
following ſcales, only the primary diviſions 
arc drawn, the intermediate ones are omitted, 
that the figure may not appear too much 


croudad. 
. 
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II. The Line of Rhumbs. 


Divipsz the arc BE into 8 equal parts, 
which mark with the figure 1, 2, 3, 4, 5, 6, 
7, 8; and each of thoſe into quarters; on B, 
as 4 center, transfer the diviſions of the arc to 
the chord BE, which marked with the corre- 
ſponding figures, will be a line of rhumbs. 


III. The Line of Sines. 


THROUGH each of the diviſions of the arc 
AD, draw right lines parallel to the radius 
AC; and CD will be divided into a line of 
fines which are to be numbered from C to D 
for the right ſines; and from D to C for the 
verſed ſines. The verſed ſines may b be con- 
tinued to 180 degrees by laying the divſions 
of the radius: CD, from C to E. 


IV. The Line of 7 angents. 


A ruler on C, and the ſeveral diviſions of 
the arc AD, will interſect the line DG, which 
will become a line of tangents, and are to 
be figured from D to G with 10, 20, 30, 40, 


Sc. | 
v. The Line of Secants. 


FROM the Center C, the line of tangents 
being transfered to the line AF, will give the 
diviſions of the line of ſecants ; which muſt 
be numbered from A towards E, with IO, 20, 
30, Sc. 


VI. 
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VI. The Line of Half Tangents (or che 
Tangents of half the Arcs). 


A ruler on E, and the ſeveral diviſions of the 
arc AD, will interſect the radius CA, in the 
diviſions of the half tangents ; mark theſe with 
the correſponding figures of the arc AD. 


VII. The Lines of Longitude. 


Divipz AH, into 60 equal parts; through 
each of theſe diviſions, parallels to the radius 
AC, will interſect the arc AE, in as many 
points; from the center A, the diviſions of the 
arc AE, being transferred to the chord AE, 
will give the diviſions of the line of longitude. 


VIII. The Line of Latitude. 


A ruler on A, and the ſeveral diviſions of 
the fines CD, will interfe& the arc BD, in as 
many. points; on B as a center, transfer the 
interſection of the arc BD, to the line BD ; 
number the diviſions from B to D, with 1c, 
20, 30, Sc. to 90; and BD will be a line 


of latitude. 


IX. The Line of Hours. 


 Bisz cr the quadrantal arcs BD, BE, in a, 
bz divide the arc a b into 6 equal parts, (which 
gives 15 degrees for each hour.) and each of 
theſe into 4 others; (which will give the quar- 


ters.) A ruler on C, and the ſeveral W 
0 
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of the arc a b, will interſe& the line MN in 


the Hour, Sc. points, which : are to be mark*d 
as in the figure. 


X. The Line of Inclinations of Meridians. 


BiszceT the arc EA in c; divide the qua- 


drantal arc b c into 9o equal parts; lay a ruler 
on C and the ſeveral diviſions of the arc be, 
and the interſections of the line H M will be 
the diviſions of a line of inclinations of me- 
ridians. 


r 


The uſes of ſome of the Lines on the 
| Plain Scale. 


I, Of the Line of Chords. 


Tu chief uſe of the line of chords is to 
lay down a propoſed angle, or to meaſure an 
angle already laid down. Thus, to draw a line 
AC; that ſhall make with the line AB an angle 
containing a given number of degrees. (fuppoſe 
36) Figure 19. 

Ox A, as center, with the chord of 60 de- 
grees, deſcribe the arc BC ; on this arc, lay 
the chord of the given nu:nber of degrees 
from the interſection B, to C; draw AC, and 
the angle BAC will contain "the given num- 
ber of degrees. 

Note, Degrees taken from the chords are 
always to be counted from the beginning of 
the Scale, 

THz 
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Tux degrees contain'd in an angle already 
laid down, may be meaſured thus. Fig. 19. 
On A as a center, deſcribe an arc BC with 
the chord of 60 degrees; the diſtance BC, 
meaſured on the chords, will give the number 
of degrees contain*d in the angle BAC. 
Ix the number of degrees are more than 
go; they muſt be taken from, or meaſured by 
the chords, at twice; thus if 140 degrees 
were to be protracted, 700 may be taken from 
the chords, and thoſe degrees laid of twice 
upon the arc deſcrib'd with a chord of 60 


degrees. 
II. Of the ILY" Rhumbs. 


"THEIR uſe is to delineate or meaſure a 
ſhip's courſe ; which is the angle made by 
a ſhip's way and the meridian. 

Now having the points and + points of 
the compals contain'd in any courſe; draw a 
line AB (fig, 19.) for the meridian ; on A as 
center, with the chord of 609 deſcribe an arc 
BOC; take the number of points and points 
from the ſcale of rhumbs, counting from 0, 
and lay this diſtance on the arc BC, from the 
interſection B to C; draw AC, and that ſhall 


repreſent the ſhip's courſe. 


III. The uſe of the Line of pla? 


Ix any two meridians be diſtant one degree 


or 60 geographical miles, under the equator, 
their diſtance will be leſs than 60 miles in any 


latitude between the equator and the pole. 
Now 
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| Now let the line of longitude be put on the 
ſcale cloſe to the line of chords, but inverted ; 
that is, let 60® in the ſcale of longitude be 
againſt oo in the chords, and oo degrees longi- 
tude againſt 9 chords. Then mark any de- 
gree of latitude counted on the chords; and 
oppoſite thereto, on the line of longitude, will 
be the miles contain'd in one degree of longi- 
tude, i in that latitude, 

TRus 57,95 miles, make 1 degree longi- 
tude in the latitude of 15 degrees; 45,97 
miles, in latitude 40 degrees; 30,94 miles, in 
latitude 52 degrees; 30 miles, in latitude 60 
degrees, Sc. 

Bur as the fractional parts are not very 
obvious on ſcales, here follows a table ſhewing 
the miles in one degree of longitude to every 
degree of latitude. 

This table is computed upon the ſuppoſition 
of the Earth being ſpherical. 


A TABLE, 
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4 TABLE, ſbewing the Miles in 
one Degree of Longitude to every De- 
gree of Latitude. 


DL. Miles D. L. | Miles. | D. L. | Miles 
r 
| 1 | 5999 | 21 | 51,43 | 51 | 29,09 
2 1] 59,9 32 | 50,88 | 62 [28,17 
| 3 | 59,62 | 33 | 50,32 | 63 | 27,24 
14 | 59.85 | 34 -| 49-74 } © 6,30 
5 1 5977 | 35 49,1565 25,36 
F 6 59,67 | 30 | 48,54 | 66 | 24,41 
| 7 | 5950 | 37 | 47-92 | © | 23-44 | 
8 | 59,42 | 38 | 47,28 | 68 22,48 
0 { $3 39 | 46,53 69 | 21,50] 
8 [$9997] 42 [ 45.97 | 70 | 26.997 
— — 1 — — wo | - fk 
11 | 58.89 | 41 | 45,28 | 71 | 19,53 
i2 | 58,09 | 42 | 44459 | 72 | 18554 | 


13 [58,40 | 43 | 43,85 | 73 | 17:54 
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TR E uſes of the ſcales of ſines, tangents, ſe- 
cants, and half tangents, are to find the poles 
and centers of the ſeveral circles repreſented in 
the orthographical and ſtereographical projecti- 
on of the ſphere; which are reſerved until the 
explanation and uſe of the lines of the ſame 

name on the ſector are ſnebn. 

TRE lines of latitudes, hours, and incli- 
nations of meridians, are applicable to the 
practice of dialling; on which there are ſe- 
veral treatiſes extant, which may be con- 
ſulted. 


82 
Of the SECTOR. 
A Sector 1s a figure form*d by two radius's 


of a circle, and that part of the cir- 
cumference comprehended between the two 
radius's, 

TEE inſtrument called a ſector, conſiſts of 
two rulers moveable round an axis or joint, 
from whence ſeveral ſcales are drawn on the 
faces of the rulers, | 

TRE two rulers are called legs, and repre- 
ſent the radii, and the middle of the joint ex- 
preſſes the center. 

Taz ſcales generally put on ſectors, may 
be diſtinguiſned into ſingle, and double. 

Taz ſingle ſcales are ſuch as are com- 
monly put on plain ſcales, and from whence - 
dimenſions or diſtances are taken as have been 


already directed. 
TAE 
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Tas double ſcales are thoſe which pro- 
ceed from the center; each ſcale is laid twice 
on the ſame face of the inſtrument, viz. once 


on each leg: From theſe "ge dimenſions 


or diſtances are to be taken, when the legs 


of the inſtrument are in an angular poſition, 


as will be fſhewn hereafter. 


The 8 cales commonly put on = beſt Sectors, are 


1 Inches, each Inch divided into 8 and 10 parts. 
2 Decimals, containing an 100 parts. 
3 | Chords, : Cho. 
14 Sines, 1 1 Sin. 
5 Tangents, To Tang. 
| 6 | | Rhumbs, Rum. 
; 1 Latitude, Lat. 
Single 4 da line of 1 ; | l f Hou. 
ol 7 | Longitude, | \ 4 Lon. 
10 Inclin. Merid. | | In. Me. 
11 (Numbers, Num. 
12 | ; Sines, Sin. 
12 | the Leg of J Verſed Sines, | v. Sin. 
—— + U W 9 N 
E „ Lines, 9” Lin. 
| 2 | Chord, N Cho. 
3 Sines, ; Sin. 
wh 5 4 b line of Tangents to 459 FE Tan, 
5 Secants, 
16 11 to above 45 hs. 
© Polygons, ; | (ol. 


TRE manner in which theſe ſcales are diſ- 
poſed of on the ſector, is beſt ſeen in the 
plate fronting the title page. 

TRE ſcales of lines, chords; ſines, tan- 
gents, rhumbs, latitudes, hours, longitude, 

incl. 
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incl. merid. may be uſed, whether the in- 
ſtrument is ſhut or open, each of theſe 
ſcales being contained on one of the legs only. 
The ſcales of inches, decimals, log. num- 
bers, log. fines; log. verſed: fines, and log. 
tangents, are to be uſed with the ſector quite 
opened, part of each ſcale lying on both 
legs. 

Tux double * of lines, chords, * 
and lower tangents, or tangents under 45 
degrees, are all of the ſame radius or 
length; they begin at the center of the in- 
ſtrument, and are terminated near the other 
extremity of each leg; viz, the lines at 10, 
the chords at 60, the ſines at 90, and the 
tangents at 45; the remainder of the tan- 
gents, or thoſe above 43, are on other ſcales 
beginning at 4 of the length of the former, 
counted from the center, and marked with 
45, and run to about 76 degrees. 

Tn ſecants alſo begin at the ſame di- 
ſtance from the center, where they are mark- 
ed with 10, and are from thence: continued 
to as many degrees as the length of the ſector 
w1ll allow, which is about 739. 

THrs angles made by the double ſcales of 
lines, of chords, of ſines, and of tangents to 
45) degrees, are always equal. 

Ax the angles made by the ſeales of up- 
per tangents, and of ſecants, are allo equal; 
and ſometimes theſe angles are made equal to 
thoſe made by the other double ſcalcs. 

Tre ſcales of polygons are put near 
the inner edge of the legs, their beginning is 

not ſo far removed from the center, as the 


* 60 


__ 


*% 
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60 on the chords is: Where theſe feales be- 

gin, they are mark*d with 4, and from thence 

are figured backwards, or towards the center, 
tO 12. ae On 

From this diſpoſition of the double ſcales, 
it is plain, that thoſe angles which were e- 
qual to each other, while the legs of the 
ſector were cloſe, will ſtill continue to be e- 
qual, although the ſector be opened to any 
diſtance it will admit of. 

| rr 

Of the Conſtruction of the Single Scales. 

I. The Scale of Inches. 

T HIS ſcale, which is laid cloſe to the 
1 edge of the ſector, and fometimes on 

the edge, contains as many inches as the in- 

ſtrument will receive when opened: Each 

inch is divided into 8 equal parts, and alfo 

into 10 equal parts. 


II. The Decimal Scale. 


Tris ſcale lies next to the ſcale of inches; 
it is of the ſame length of the ſector, (as 
ſuppoſe a foot) and is divided into 10 equal 

parts, or primary diviſions ; and each of 
theſe into 10 other equal parts; ſo that the 
whole (foot) is divided into 100 equal parts. 


u. 
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1 


III. 7, be Stales * Chords, Rhiembs, ines) | 
Jangents, Hours, Latitutles, Lon g1— 


 Fudes, ang” 0 nation of Meri dians; 


2 


A A fuck: as have been already deſcribed 
in . account of the Wane ſcale. | 


IV. The Scale of Laer Numbers, 


T Is ſcale, commonly called che attifigial 
bers and by ſome the Gunter's ſcale, or 
Guater's line, is a ſcale expreſſing the loga- 
rithms of common numbers, taken in their 
natural order. To lay down the diviſions in 
che beſt manner, there is neceſſary a good 
table of logarithms, (ſuppoſe Sherwir*s,) and 
a ſeale of equal parts, accurately divided, and 
of ſuch a length, that 20 of the primary di- 
vifions' ſhall make che whole length of the 
incended ſcale of n or Rr ſcale. 


a | ” The  Confruttion. 


4 ? 


. bas the ſcale of equal parts, talce 
the firſt 10 of the primary diviſions, and lay 
this diſtance down twice on the log. ſcale, 
making two equal intervals ; marking the 
firſt point 1, the ſecond 1, (or rather 10 = and 
the third 10, (or rather 100.) 
D 2 ͤ 25a 


— "a 


_ _ 
=. ww; . * * 2 2 


N From Mr. Edmund Gunter, the Inventor: Aſtroro- 
my Profeſſor in Gram Cellge, Anno 1624. 9 
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2. From the ſcale of equal parts, take the di- 
ſtances expreſſed by the logs. of the numbers 
2, 3, 4, 5, 6, 7, 8, 9, reſpectively, (re- 
jecting the indices :) lay theſe diſtances on 
each interval of the log. ſcale, between the 
marks 1 & 10, 10 & 1co, reckoning each 
diſtance from the beginning of its interval, 
viz. from 1, and from 10, and mark theſe 
_ diſtances with the figures 2, 3, 4, 5, 6, 75 
8, 9, in order. 
3. Tux diſtances expreſſing the logs. of 
the numbers between 10 & 20, 20 & 30, 
30 & 40, 40 & 50, 50 & 60, 60 & 70, 
70 & 80, 80 & go, go & 100, (rejecting 
the indices) are to be taken from the ſcale 
of equal parts, and laid on the log. ſcale, in 
each of the primary intervals, between the 
marks 1 & 2, 2 & 3, 8:4. 4&5, 5 & 
6, 6 & 7, 7 & 8, 8 & 9, 9 & 10, reſpec- 
tively ; reckoning each 555 from the 
beginning of its reſpective primary interval. 

4. Tux laſt ſubdiviſions of the ſecond 
primary interval are to be divided into o- 
thers, as many as the ſcale will admit of, 
which is done by laying down the logarithms 
of ſuch intermediate diviſions, as it ſhall be 
thought proper to introduce. 


V. The Scale of Logarithm Sines. 
1. From the ſcale of equal parts, take the 
diſtances expreſſed by the arithmetical com- 
plements of the logarithmic fines, (or the 


ſecants of the complements) of 80, Jo, 60, 


50, 40, 30, 20, 10, degrees reſpectively; 
re- 
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rejecting the indices 3' and theſe diſtances, lay 
on the ſcale: of log; ſines, reckoning each 
from the mark IEG: to expreſs 90 de- 
grees. | 
2. In the fame manner, lay: of the Se" 
under 10: and alſo, the degrees intermediate 
to thoſe of 10, 20, 30, Sc. 

3. Lay down as many of the maltiples of 
5 minutes, as may conveniently fall within 
the limits of ſuch degrees as will admit of 
ſuch ſubdiviſions of minutes, 


VI. The Scale of Lager, thmic T, angents, 


I. Tris ſcale, to 45 degrees, is conſtruct- 
ed in every particular, like that of the log. 
ſines: uſing the arithmetical ren of 
the log. tangents. 

2. TRE degrees above 45, are to be count- 
ed backwards on the ſcale : Thus 40 on the 
ſcale, repreſents both 40 degrees, and 50 de- 
grees; 30 on the ſcale, repreſents both 30 
degrees, and 60 degrees; and the like of the 
other mark*d degrees, and alſo of their in- 


termediate ones. 


VII. The 3 a 88 Sines. 


1. From the ſcale of equal parts, take the 
arithmetica] complements of the logarithm 
colines, (or the ſecants of the complements) 
of: 5; 70; 15, 20, 25, 30, 35, 40, Sc. de- 
grees; (rejecting the indices,) and the double 
of theſe diſtances, reſpectively, laid on the 
ſcale (intended) for the log. verſed ſines, will 
D 3 | give 
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give "” diviſions expreſſing 10, 20, 30, 40, 
50, 60, 70, 8s, Fc. degrees; to as many as 
the length of the ſcale will take im. 

2. BETWEEN every diſtance of 10 degrees 
introduce as many degrees, degrees; + de- 
grees; + degrees, Ee, as the intervals will 
admit. 

TREE ſcales of ing hols 1 8 
ſines, verſed ſines, and tangents, ſhould have 
one common termination to one end of each 
ſcale; that is the 10 on the numbers, the go 
on the ſines, the o on the verſed ſines, and 
the 45 on the tangents, ſhould be oppoſite: tb 
each other: The other end of each of the 
ſcales of ſines, verſed ſines, and tangents, will 
run out beyond the beginning (mark'd 1) of 
the numbers ; nearly oppoſite to which, will 
be the diviſions repreſenting 35 minutes on the 
ſines and tangents, and 1685 degrees, on the 
verſed lines. | 


$267. XII. 


of the' Conſtruction of the double ſeater 
I. the Line of Lines. 


Fun is 3 Sale of equal parts, whole 
length is adapted to that of the legs of the 
ſector : Thus in the ſix inch ſector, the length 
is about 5 4 inches. 
Tux length of this ſcale is divided into 10 
primary diviſions ; each of theſe into 10 equal 
lecondary parts; and each ſecondary diviſion, 


into 4 equal parts. 
4 Il. of 
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. Of the Line of Sines, 


i. Mak RE the whole length of this ſcale, 
equal to that of the line of lines. 

2. FRoM the ſcale of the line of lines, take 
off ſeverally, the parts expreſs'd by the num- 
bers in the tables (ſuppoſe Sheruin's) of the 
natural fines, correſponding to the degrees, or 
to the degrees and minutes, intended to be laid 


on the ſcale. 

. Lay down theſe diſtances ſeverally on 
the ſcale, beginning from the center; and this 
will expreſs a ſcale of natural ſines. 

Exam. To lay down 35” 15' ; whoſe natu- 
ral Sine found in the Tables is 57714, Gc. 

T ARE this number as accurately as may be, 
from the line of lines, counting from the 
center; and this diſtance will reach from the 
beginning of the ſines, at the center of the 
inſtrument, to the diviſion expreſſing 35? 1 5's 
and fo of the reſt. 

In ſcales of this length, 'tis cuſtomary to 
lay down diviſions, expreſſing every 15 minutes, 
from o degrees to 60 degrees; between 69 
and 80 degrees, every half degree is expreſs'd; 
then every degree to 85; and the next, is 90 


degrees. 
Of the Scale of Tangents. 


TRE length of this ſcale is equal to that 
of the line of lines, and the ſeveral diviſions 
| thereon (to 45 degrees) are laid down from 
the tables and line of lines, in the ſame man- 
= ner 
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ner as has been deſcribed in the fines ; obſer. 
ving to uſe the natural tangents in the tables. 


IV. Of the Scale "of upper T. angents. 


This ſcale is to be laid down, by taking 
-L of ſuch of the natural tabular tangents 
above 45 degrees, as are intended to be put on 
the ſcale. 

ALTHovGn the poſition of chis ſcale on the 
ſector reſpects the center of the inſtrument, 
yet its beginning, at 45 degrees, is diſtant 
from the center, + of the length or. Tadius of 
the lower tangent. a 0 


V. Of the Scale of & bat BE 


Tux diſtance of the beginning of this ſcale, 
from the center, and the manner of laying it 
down, is juſt the ſame as that of the upper 
tangents ; only in this, the tabular ſecants are 


to be uſcd. x 
VI. Of the Scale of Chords. 


1. Mak the length of this ſcale, equal to 
that of the ſines; and let the diviſions to be 
laid down, exprels every 3 minutes from o 
degrees to 60 degrees. 

2. TAKE the length of the fine of half he 
degrees and minutes, for every diviſion to be 
laid down, (as before directed in the ſcale of 
fines 3) and twice this length, counted from the 
center, will give the diviſions required. 

TRus 
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Tuvus, twice the length of the fine 18% 1 575 
will give the chord of 36 30%3 1 and in the 
ſame manner for the reſt. 


VII. 07 the Scale i rbb 


Tx1s ſcale only ales: in the ſides of the 
polygons from 4 to 12 ſides incluſive: The 
diviſions are laid down, by taking the lengths 
of the chords of the angles at the center of each 
polygon ; and this diſtance is laid from the 
center of the inſtrument. 

Bur the diviſions are to be s from a 
ſcale of chords where the length of 90 degrees, 
is equal to that of 60 degrees of the double 
ſcale of chords on the ſector, 


in the place of ſome i the double ſcales 
here deſcribed, there are found other ſcales on 
the old ſectors, and alſo on ſome of the mo- 
dern French ones, ſuch as, ſcales of ſuperi- 
cies, of ſolids, of inſcrib'd bodies, of metals, 
Sc. But theſe ſeem to be juſtly left out on the 
ſectors, as now conſtructed, to make room 
for others of more general uſe : However, 
theſe ſcales, and ſome others, of uſe in gun- 
nery, ſhall hereafter be deſeribed in a tract 
on the ule of the gunners minen 


SECT, XIII. 
Of the Uſe of the Double cake 


In the following account of the uſes, as 
there will frequently occur the terms /ateral 


diflance, and tranſverſe diſtance; it will be pro- 
per 


per to explain what is meant by thoſe 
terms. 

Lateral diſtance, is a diſtance taken by the 
compaſſes on one of the ſcales. 
Tyanſverſe diſtance, is the diſtance taken be- 
tween any two correſponding diviſions of the 
ſcales of the ſame name, the legs of the ſector 
being in an angular poſition. 5 


Some uſes of the Line of Lines. 


PROBLEM X. 


To two given lines AB= 2, BC = 6; zo 
„nd a third proportional. Fig 20. 

i. TAKE between the compaſſes, the la- 
teral diſtance of the ſecond term, (viz. 6.) 

2. SET one point on the diviſion expreſs- 
ing the firſt term (viz, 2.) on one leg, and 
open the legs of the ſector till the other point 
will fall on the correſponding diviſion on the 
other leg. 

3. Kzzy the legs of the ſector in this po- 
ſition ; take the tranſverſe diftance of the ſe- 
cond term, (vi. 6.) and this diſtance is the 
third term required. 

4. Tris diſtance meaſured laterally, be- 
ginning from the center, will give the num- 

ber expreſſing the meaſure of the third term. 

Note, If the legs of the ſector will not o- 
pen ſo far as to let the lateral diſtance of the 
ſecond term fall between the divi ſions ex- 
preſſing the firſt term; then take +, 4, +, or 
any aliquot part of the ſecond term, (ſuch as 
will conveniently fall within the opening > 


of  Mathematicol Inſtruments. 43 


the ſector) and make ſuch part, the tranſverſe 
diſtance of the firſt term; then if the tranſ- 
verſe diſtance of the ſecond term be multipli- 
ed by the denominator of the part taken of the 
ſecond term, the product will give the third 
term. 


* PR- OB E EM N 


T three ginn um ABR, BCT 
CDS 10; o fud a fourth proportional, Fig. 
20. 
Op EN the legs of the ſector, untill the 
tranſverſe diſtance of the firſt term, (3) be e- 
qual to the lateral diſtance of the ſecond term, 
(7) or to ſome part thereof; then will the 
tranſverſe diſtance of the third term, (10) give 
the fourth term, (23 4) required; or, ſuch 
a ſubmultiple thereof as was taken of the ſe- 
cond term. EW 
From his problem is readily deduced, how 
to increaſe or diminiſh a given line, in any 
aſſign'd proportion. RS 
Exam. To diminiſh a line of 4 inches, in the 
proportion of 8 10 7. 5 
1. Open the ſector untill the tranſverſe 
diſtance of 8 & 8, be equal to the lateral 
diſtance of 7. | = | 
2. Mark the point to where 4 inches will 
reach, as a lateral diſtance taken from the 
center. oY £7 | 
3. Tas tranſverſe diſtance, taken at that 
point, will be the line requir'd. | 
Ir the given line, ſuppole 12 inches, 
ſhould be too long for the legs of the ſector, 
take +, or +, or 4, Sc. part of the given line 
for the lateral diſtance ;z and the W 
f | | tram- 
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tranſverſe diſtance, taken twice, or thrice, 
or four times, Ec. will be the line re- 


quired, 


PROBLEM XII. 


To divide a given line into any propos d num- 
ber of equal parts : (ſuppoſe . 

Mak the length of the given line, or 
”_ known par: thereof, a tranſverſe diſtance 
to ꝙ & 9: Then will the tranſverſe diſtance 
of , vc the 3 * part thereof; or ſuch a 
ſubmultiple of the 5 part, as was taken of 


the given line. 


On the part, will be the difference be- 
tween the given line, and the tranſverſe di- 
ſtance of 8 & 8. 

Tux latter of theſe methods is to be pre- 
ferred when the part required falls near the 
center of the inſtrument. | 

To this problem may be referred the method 
of making a ſcale of a given length, to contain 


4 given number of equal parts. 
Tux practice of this is very uſeful to thoſe 


who have occafion to take copies of ſurveys 
of lands; draughts of buildings, whether ci- 
vil or military; ; and in every other caſe, 
Where drawings are to be made to bear a 
given Proportion to the things they repre-- 
ſent. 
Exam. Suppoſe the ſcale to the map of a 
ſurvey is 6 inches long, and contains 140 poles; 
required to open the ſector ſo, that a correſpond- 
ing ſcale may be taken from the line of lines. 

Sol Ur low. Make the tranſverſe diſtance 


7 & 7 (or 70 & 70, viz, ) equal to 3 
inches 
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inches; (S) and this poſition of the line 
of lines will produce the given ſcale. 1 

F it was required to make a ſcale of 1 40 
poles, and to be only 2 inches long. 
 SoLuT1IoON. Make the tranſverſe diſtance 
of 7 & 7 equal to 1 inch, and the ſcale. ls 
made, 

Exame. II. To make a ſcale of 7 inches 
long, contain 180 fathoms. 
| Sor. Make the tranſverſe diſtance of 9 
& 9 equal to 3+ inches, and the ſcale 1s 
made, 

Ex AM. UI. To 7 a ' ſeale which ſpall 
expreſs 286 yards, and be 18 inches long. 
S801. Make the 3 of 18 inches (or 6 inch) 
a tranſverſe diſtance to the x of 286 (= 955) 
and the ſcale is made. 

_ Ox, Make the + of 18 inches (= 4M 
ches) a tranſverſe diſtance to + of 286 5 
71 2) and the ſcale is made. 


PROBLEM XIII. 


We uſe of the line of lines, in drawing the 
2 F civil archilecture. 
I x is cuſtomary among architects to efti- 
mate the heights and projections of all the 
parts of every order, by the diameter of the 
column at bottom, which they call a module, 
and is ſuppoſed to conſiſt of 60 equa] parts, 
which are called minutes. 
Is the three following tables are contain- 
ed the heights and projections of the parts 
of each order, according to the proportions 


given by Fallade 3 the orders of this archi- 
tect 
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tect were choſen, becauſe the E Engliſh, at pre- 
ſent, are more fond of copying is 5 
ons. than thoſe of any other architect. 
Tux firſt table ferves for the pedeſtal, the 
ſecond for the column, and the third for the 
entablature, of each order. Each table-is di- 
vided into 7 principal columns : In the firft, 
beginning at the left hand, is contained the 
names of the primary divifions ; in the ſe- 
cond thoſe of the ſeveral diviſions and mem- 
bers in the orders; and the other five titled 
with T wſcan, Doric, Ionic, Corinthian, Ro- 
man, contain the numbers expreſſing the alti- 
tudes, and projeQions taken from the axis, 
or middle of the column, of the ſeveral 
members belonging to their An 
orders. 

Taz column containing each order, is di- 
vided, firſt into two other columns, one 
ſhewing the altitudes, and figned All. and 
the other, the projections, and ſign'd Proj. 
Each of theſe is alſo divided into two other 
columns, one containing modules, and mark*d 
Mod. and the other, the minutes and parts, 
and mark*d Min. D 

Unper the table of the pedeſtal there 
is another table, ſhewing the general pro- 
portions for the heights of the orders. 

In each of the ere of architecture, the 
height of the order, and the diameter of the 
column, have a conſtant relation to one ano- 
ther. 

THEREFORE, if the diameter of the co- 
lumn be given, the height of the order is 


given alſo : And having determin'd by what 
icale 
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ſcale the order is to be drawn, ſuch as 2 inch, 
1 inch, 2 inches, &c. to. a foot or yard, Sc. 
Take from ſuch ſcale, the part or parts ex- 

preſſing the diameter of the column, and 
Sue this extent a tranſverſe diſtance ' to 6 & 
6, (i. e. 60 & 60) on the ſcales of lines, and 
the ſector will be opened ſo, that the ſeve- 
ral proportions of the order may be taken 
from it. 

— ExamP. Suppoſe the diameter of a cold 

is to be 18 inches; and the drawing of the 
471 is to bt delineated from a Kal, F an 
inch to a foot : that is, the diameter of the 
column in the drawing is t0 be an inch and 
ba 

yy, "0p the tranſverſe diſtance of 6&6, 
on the ſcales of lines, equal to 1 + inch, and 
the ſector is fitted for the ſcale. 

Ir the height of the order is given, di- 
vide this height, by the height of the order 
in the table; and the quotient will be the 
diatneter of the column. 

Ex AM. What muſt be the att es uf the 
column in the Ionic order, when the whole height 
of the order is fixed at 18 feet 6 inches. | 

TuE height of the order in the table is 
13 mo. 29 mi. + = 13 , = 13,4875 mo- 
aäles: Rad ry E His 5 kee, Th. 
Di, 370g feet = 1 f. 4 f inches near- 
ly: And the ſector may be fitted to this, as 
before directed, according to the intended fize 
of the draught. | 


' To 
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. Havinc determined the, diameter of the 
STE at bottom, and ſet the ſector to the 
intended ſcale, draw a line to repreſent the 
axis or middle of the order. | 
On this line, lay the parts for the hei ights 
of the pedeſtal, column, and entablature; 
taken from the table of general proportions. 
WirRIN each of theſe. parts reſpectively, 
lay the ſeveral altitudes taken from. the tables 

of particulars, under the word Alt. Through 

each of the points mark*d. on the axis, draw 
lines perpendicular to the axis, or draw one 
line perpendicular, and the, others parallel 
thereto. - R 

Ox the lines drawn 1 to the 
axis, lay the projections correſponding to 
the reſpective altitudes; theſe projections 
are to be laid on both ſides of the axis, for 
the pedeſtal and column; and only on one 
ſide, for the entablature, join the extremities 
of the projections with ſuch lines as are pro- 
per to expreſs the reſpective mouldings a 
parts: And the order, excluſive of its orna- 
ments, will be delineated. 

As the altitudes of many i the parts are 
very ſmall, it will not be convenient, if poſſi- 
ble, to take from the ſcale of lines, ſuch ſmall 
parts alone; therefore it may be beſt to pro- 
ceed as in the following example of the Ionic 
order. Plate I. 

I. In the pedeſtal, 


To 
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To the minutes in the baſe, 42 , add 
ſome even number of minutes, ſuppoſe 30, 
and the ſum is 72 + 3 then compole a table, 
ſuch as the following one, wherein the alt of 
the plinth is, ſubſtracted out of the No 72 43 
then the torus out of this remainder; then 
the fillet out of this remainder z then the 
cyma out of this remainder ; then the fillet 

out of this, and laſtly, the cavetto out of 
this remainder. Thus, 

Min. 
Baſe with 30 minutes 722 
This leſs by the plinth, 28 2, remains 44 
This leſs by the torus, 4 rem. 40 
This leſs by the fillet, o r, rem. 397 
This leſs by the cyma, 55 rem. 347 
'Fhis leſs by the fillet, o r, rem. 33 
This leſs by the cavetto 3 2, rem. 30, the 

minutes firſt added. 


THEN the ſector being fitted to the ſcale 
intended, and a point A, in the axis, taken 
to begin at; lay from that point, on the axis, 
the firſt No 72 +3 this reaches from A to B, 
and includes the baſe, and 30 minutes taken 
in the die. From the point B, lay off towards 
A, the ſeveral numbers expreſs'd in the fore- 
going tablet; and they will give the reſpec- 
tive altitudes of the members of the bale. 
Ir will be found moſt convenient to lay off 
the numbers from the greater to the leſſer 
ones; for then there is only one motion re- 
quired in the joints of the compaſſes, which is, 
to bring them cloſer and cloſer every diſtance 

laid down. | 
E AND 


he Deſcription and Uſe. 
vp in the fame manner, for the cornice 
of the pedeſtal, take a point C, 30 minutes 
below the cornice 3 and tabulate as before. 


Cornice with 30 min- 524 
This leſs by the fillet or cap 2+ leaves 50+ 
Ditto - - - - ogee - -3zx, ditto - 46 


Ditto - = - - - corona 45, - - - - 424 
Ditto - - - - fillet - 13, - - - 404 
Ditto - < - - - Cyma = 53, - - = = 954 
Ditto = - - - fillet - 13, - 332 
. cavetto 32, - - = 20 


THzesE numbers laid from C to D, gives 
the altitudes of the members of the cornice. 

In the following tables, 30 min. are added 
to the altitudes of the baſe and capital of the 
column : and in thoſe of the entablature, the 
altitude only, of the freeze 27, is added to 
the architrave and cornice. 


COLUMN. ENTABLATURE. 
| | 
Baſe, Capital. | Architrave. Cornice. 
635 54x 03 . 
53 52 562 70% 
46 495 55+ 632 
44x 4147 46 622 
40 42 44 59 
383 35 342 5 1 
31 | 297 48 
20 27 4.05 
30 | To 
33 
22 
27 
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A little reflection will make this very clear, 
and perhaps more ſo, than by beſtowing more 
words thereon. | 

THERE are ſome particulars relating to 
each order, which could not conventently be 


introduced in the tables, and are here ſupplied - 


in the following remarks, Plate II. 

I. In the Ty/can order. The ovolo, under 
the Corona, in the Cornice of the entabla- 

ture, is commonly continued, within the co- 

rona, giving it a reverſe bend in the ſofite, 


ſomething like unto a cyma, as may be ſeen 


in the figure of the order. 


IT. In the Doric order. The ſecond face 


of the architecture is ornamented with rows 
of ſix drips or bells and a plain cap: The 


freeze, with trigliphs and metops: The 


breadth of the drips, cap and trigliphs are 
each 30 minutes; the trigliphs conſiſt of 
two channels, two half channels, and three 
voides; the breadth of the channels and 
voides, are each 5 min. The axis of the co- 
lumn continued, runs through the middle 
void; leaving the drips, 3 on each ſide. The 


metops, or diſtance between the trigliphs is 


equal to the height of the freeze, and is com- 
monly ornamented with trophies, arms, roſes, 
Se. 
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TT 
| | Min. Min. | Min. | 
Capital | 5 16 3 
I — [| — 
nern [+ 2; 
Plinth 18 83 


Cap Ts x1 
—_; 7 | 15 | 2 


Tux column ſign'd profile, ſhews how far 
the parts project without the planes or faces 
of the members on which they are made. 

TE ſofite of the corona in the cornice of 
the entablature, 1s frequently ornamented with 
drips, roſes, &c. 

III. In the Tonic order. The volutes of 
the capital are now made to project in the di- 
rection of the diagonal of the ſquare cap over 
the volutes ; ſo that their drawing ſhould be 
expreſs'd like the volutes in the Roman order: 
But theſe are much better drawn by an eaſy 
hand, than by any rules that can be given, ob- 
ſerving the limits of their alt. and pro]. as in 
the table of columns. 

Tas freeze is form'd by the ſegment of a 
circle, whoſe chord paſſes through the lower 

rt of the cavetta of the cornice ; and 1s 
parallel to the axis. 

In the cornice of the entablature, the di- 
{tance of the modillions is 22 min. and the 
breadth of each 10 min. The axis of the or- 
der always paſſes through the middle of a 


modillion. 


IV. 


- and ſtalks are beſt done by hand, obſerving the 


freeze is commonly turn'd off in a chanfrain, 


thoſe will ſerve for the conſtructions of this. 


The greater diſtance of the modillions, is 23; 
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IV. Ix the Corinthian order; the leaves 
altitudes and projections. The bottom of the | 


meeting the extremity of the upper fillet of 
the architrave : The breadth of the dentels - - 
are 4 min. and their diſtance 2-min. The di- 
ſtance of the modillions is 23 + min. and the 
breadth of each xx + min. the middle of a 
dentel, is under the middle.of each modillion. 

V. In the Roman order; the capital is 
form'd from the Corinthian and Ionic; and 
the ſame obſervation for the conſtructions of 


The freeze is form'd like that of the Ionic: 


and the leſſer diſtance is 20: the greater 
breadth of them is 12 + and the leſſer 9 I | 
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60 The Deſcription and Uſe 
Ver. XII. 
Some uſes of the Scales of Polygons. 


PROBLEM. XIV. 


bs @ given circle, whoſe — 15 AB, 1% 


inſcribe a regular octagon. Fig. 2 | 
Sor. Open the legs of the ſtor, till the 
tranſverſe diſtance of 6 and 6, be equal to AB: 
Then will the tranſverſe dildo 5 8 and 8, 
be the fide of an octogon which will be in- 
ſcribꝰd in the given circle. 
In like manner may any other polygon not 
exceeding 12 ſides, be inſcrib'd in a given 


circle. 


PROBLEM. XV. 


On à given line AB, 10 deſcribe a regular 


Pentagon. Fig. 23. 
Sor. ift. Make AB a tranſverſe diſtance 


to 5 and 3 

2d. Ar that opening of the ſector, take 
the tranfverſe diſtance of 6 and 6; and with 
this radius, on the points, A, B, as centers, 


deſcribe arcs cutting in C. 
3d. On C as a center, with the ſame ra- 


dius, deſcribe a circumference paſſing through 
the points A, B: and in this circle may the 
pentagon, whole ſide is AB, be inſcrib'd. 

By a like proceſs may any other polygon, 
of not more than 12 ſides, be deſcribed on 


a given line, 
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Tux ſcales of chords will ſolve theſe two 
problems, or any other of the like kind : 
Thus, 

In a circle whoſe diameter is AB, to deſcribe 

a regular polygon of 24 fades. Fig. 24. 

\ Sor. 1ſt. Make the diameter AB, a tran{- 
verſe diſtance to 60 and 60. 

2d. Divide 360 by 24 ; the quotient gives 
I 

2d. Take the tranſverſe diflance of 15 and 
15, and this will be the chord of the 24th 
part of the circumference. 

As there are great difficulties attend the 
taking of diviſions accurately from ſcales ; 
therefore in this problem, where a diſtance is 
to be repeated ſeveral times, it will be bet 
to proceed thus. 

Wirz the chord of 60 degrees, divide 

the circumference into fix equal parts. 
I every diviſion of 60 degrees, lay down 
x1{t. the chord of 15 degrees. 2d. The chord 
of 30 degrees. 3d. The chord of 45 de- 
grees, beginning always at the ſame point. 

Is methods like this be purſued in all 
ſimilar caſes, the error in taking diſtances, 


will not be multiplied into any of the divi- 
ſions following the firſt, 


S EC r. XIII. 
Some uſes of the ſcales of chords. 


THresE double ſcales of chords, are more 
convenient than the ſingle ſcales, ſuch as de- 
ſcribed on the plain ſcale 3 for on the ſector, 
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the radius with which the arc is to be de- 
ſcrib'd, may be of any length between the 
tranſverſe diſtance of 60 and 60, when the 
legs are cloſe, and that of the traniverſe di- 
ſtance of 60 and 60, when the legs are o- 
pened as far as the inſtrument will admit 


off. But with the chords on the plain ſcale, 


the arc deſcrib*d, mult be always of the ſame 
radius. 


PROBLEM. XVI. 


To protrats, or lay down, a right lin'd angle, 
BAC, which ſhall contain a given number of 
degrees. „ 

Cas E I. When the degrees given are under 


60: ſup. 46. Fig. 25. 
iſt. At any opening of the ſector, take the 


tranſverſe diſtance of 60 and 60, (on the 


chords; ) and with this pen deſcribe an 


arc BC. 
2d. Take the tranſverſe diſtance of the 


given degrees 46, and lay this diſtance on 
the arc from any point B, to C; marking the 
extremities B, C, of the ſaid Gande. 

3d. From the center A of the arc, draw , 


two lines AC, BC, each paſſing through one 


extremity of the diſtance BC, laid on the arc; 
and theſe two lines wil! contain the angle re- 


quired. 
Cas II. When the degrees given are more 
than 60. ſup. 1489. 
1ſt, Deſcribe the arc BC as before. 
2d. Take the tranſverſe diſtance of + or T> 


of the given degrees 148 ; ſup. - 1 
degrees 
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degrees; lay this diſtance on the arc thrice; 
iz. from B to a, from à to h, from 5 to D. 
3d. From the center A, draw two lines AB, 
AD; and the angle BAD will contain the 
degrees required. — 

When an angle containing leſs than 5 degrees, 1 
ſuppoſe 3 2, is to be made, *tis moſs convenient 1 
to proceed thus. 1 
iſt. Deſcribe the arch DG with the chord | 

of 60 degrees. 5 | | | 
2d. From ſome point D, lay the chord of 
60 degrees to G; and the chord of 56 + de- 
grees (= 60 — 3? +) from D to E. 

3d. Lines drrwn from the center A, thro? 
G and E, will form the angle AGE, of 3 + 
degrees. | | 

Ir the radius of the arc or circle is to be 

of a given length; then make the tranſverſe 
diſtance of 60 and 60, equal to that aſſign'd 
length. 8 | 5 

EITHER of theſe ſcales of chords, may be 
uſed ſingly in the manner directed in the uſe 

of chords on the plane ſcale. 

FRoM what has been ſaid about the pro- 
tracting of an angle to contain a given num- 
ber of degrees, it will be eaſy to ſee how to 
find the degrees which are contain'd in a 
given angle already laid down. 


PROBLEM. XVII. 


To delineate the viſual lines of a ſurvey ;, by 
- having given, the bearings and diſtances from 


each other, of the flations terminating thoſe 
viſual lines. 
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Tun bearings are counted from the North, 
Weſtward, Therefore all bearings under 90 
degrees, fall between the N. and W. or in 
the iſt quadrant. | 

BE ARIN OS between 90 an 1800, fall 
between the W. and S. or in the 2d quadrant. 

TRHOsE between 180 and 2509, fall be- 
tween the S. and E. of in the 3d quadrant. 

AnD thoſe between 270” and 3609, fall 
between the E. and N. or in the 4th quadrant. 

SoL. 1ſt. Take the tranſverſe diſtance of 60 
and 60, (the ſector being opened at pleaſure,) 
and with this radius deſcribe a circumference. 
24. Draw the diameters N S. W E. at right 

angles. 

1 The firſt bearing being 2890 10/3 
or 270 of, and 190 10! ; take the a 
diſtance 190 10%, and lay it on the circumfer- 
ence in the 4th quadrant, from E. towards N. 
- an The 2d bearing is 231 5o/ ; or 180? 
of + 51 50, and falls in the third qua 
drant, therefore take the tranſverſe flange 
of 31 gol, and lay it from S. towards E. 
and thus proceed with all the bearings, mark» 
ing the terminating points in the circumfer- 
ence with the numbers 1, 2, 3, 4, c. cor- 
reſponding to the number of its reſpective 
bearin 

5th. Chuſe ſome point on the * to be- 
gin at, as © 1. 

- Sth. Lay a parallel ler by the center of 
the circle C and No. 1. on the circumference ; 
and parallel thereto, paſting through © 1, 
draw a line © 1, © 2, of a length equal to 

the firſt diſtance, D. obo. 
F 7th. 
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And the primary and intermediate diviſions 
in each interval, muſt be eſtimated according 
to the values ſet on their extremities, vix. 
at the beginning, middle and end of the 
ſcale. 

In arithmerical multiplication, or diviſion ;. 
the parts may be conſidered as proportional 
terms; for in ſimple multiplication as unity 
Or 1, is to one factor; ſo is the other factor, to 
the product: And in diviſion; as the diviſor, 
is to unity; (or to the dividend,) fo is the di- 
vidend, (or unity.) to the quotient. 

Now as the common logarithms of num- 
bers, expreis how far the ratios of their cor- 
reſponding numbers are diftant from unity; it 
follows, that of thoſe numbers which are pro- 
portional, that is, have equal ratios; their 
correſponding logarithms will have equal in- 
tervals, or diſtances: and hence ariſes the 
rule for working proportionals on the loga- 
rithmic ſcale. 

RuLE, Set one point of the compaſſes on 
the firſt term, and extend the other to the 
ſecond term: Keep the compaſſes thus open- 
ed; ſet one point on the third term, and the 
other point will fall on the fourth term, or 
number ſought, 

Exam. I. Hhat is the product of 3 by 4? 

SOL. Set one point on the t at the be- 
ginning, and extend the other to 3, in the 
firſt interval; with this opening, ſet one 
point on 4, in the firſt interval, and the other 
will reach to 12, found in the ſecond interval. 

Obſerve, In this Exam. the 1, 3, and 4, 
are valued as units in the firſt interval ; the 
the 
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the one in the middle is 10; the diſtance be- 
tween this x or 10, and the 2 or 20, in the 
ſecond interval, is divided into 10 principal 
parts, expreſs'd by the longer ſtrokes ;; every 
one in this Exam. is taken as an unit; now 
as the point of the compaſſes falls on the ſecond. 
of theſe principal parts, that is on 2 units be- 
yond 10; therefore this point is to be eſteem- 
ed in this Exam. as 12. 


Ex AM. II. bat is the product of 40 by 37 
Sol. In the firſt interval, take the diſtance 


between 1 and 3; and this diſtance will reach 
from (4 or) 40 in the firſt interval to (12 
or) 120 in the ſecond interval. | 

Obſerve. The 1 and 3 in the firſt interval, 
are taken as units; but as the values given to 
the diviſions in either interval, may as well 
be call'd 40, as 4; and being taken as 40, 
the x at the beginning of the ſecond interval 
will be 100; and the 2 in the ſecond interval 
will be 200 : conſequently the principal di- 
viſions: between this 1 and 2 will each expreſs 
10; and ſo the ſecond of them will be 20, 
wich with the 100, expreſs'd by the 1, makes 


120. | 
Ex AM. II. What is the produtf? of 35 ” 


24 ? 
xt The diſtance from x in the firſt in- 
terval, to 24 in the fecond, will reach from 
25 in the firſt interval, to 840 in the ſecond. . 
Obſerve. In the firſt application of the com- 
paſſes, the primary diviſions in the firſt inter- 
val are taken as units, and thoſe in the ſe- 
cand interval, as tens: But in the ſecond ap- 


plication, the primary diviſions in the firſt in- 
| F 3 terval 


70 The Deſcription and Uſe 
terval are reckon'd as tens; and thoſe in the 
ſecond, as hundreds. 

As the extent out of one interval into the 
other, may ſometimes be inconvenient, it will 
be proper to ſee in ſuch caſes, how the Ex- 
ample may be ſolved in one interval. Thus, 

IN either interval, take the extent from 
1 to 24; (i. e. 24) 1 this extent, (in either 
1 2) will reach from 3 (i. e. 35 :) 
to 1555 (i. e. 840.) 

Ix this operation; the ſecond term is reck 
oned a tenth higher than the firſt term; there- 
fore, as it falls in the ſame interval, the fourth 
term muſt be a tenth higher than the third 
term. 


Ex AM. IV. bat is the produit of 375 by 


60 ? 
Sor. The extent from 1 * 6, (or 60) in the 
firſt interval will reach from * 1 3 705 or 


375) in the firſt interval, to 2 7s in the ſe- 
cond interval; which diviſion _— be reck- 
oned 22500 : For had the point fell in the 
firſt interval, it would have been one place 

more than the 375, becauſe 60 is one place 
more than 1 ; but as it falls in the ſecond inter- 
val, every of whoſe diviſions is one place high- 
er chan thoſe in the firſt interval; therefore, it 
muſt have two places more than 375, which 
is taken in the firſt interval. 

Ir the operations in theſe examples be well 
conſidered, it will not be difficult co apply 
others to the ſcale, and readily to —_ the 
value of the reſult. 

EXAM. 
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Ex AM. * What will be the quotient of 36 
divided by 4 | 
SOL. Tt C extent from 4 to 1, in the firſt 
interval; will reach from 36 in the ſecond 
interval to nine in the firſt. | 
IT is to be obſerved, that when the ſecond 
term 1s greater than the firſt term ; the ex- 
tents are reckoned from the left hand towards 
the right: and when the ſecond term is leſs 
than the firſt, the extents are taken from the 
right hand towards the left: that is, the ex- 
tents are always counted the fame way to- 
wards which the terms proceed. | 
Exam. VI. If 144 be divided by 9 ; what 
will be the quotient ?, 
Sor. The extent from 9 to 1, will reach 
from 144 to 36. 

Exam. VII. If 1728 be divided by 123 
what will be the „ ? 

Sol. The extent from 12 to 1, will reach 
from 1728 to 144. 

Exam. VIII. To the numbers 3, 8,15 3 

find a 4th proportional. 

SoL. The extent from 3 to 8; will reach 
from 15 to 40. 

ExaM. IX. To the numbers g, 12, 383 

find a 4th proportional. 

Sor. The extent from 5 to 12, will reach 
from 38 to 91 4. 

Ex AM. X. To the Numbers 18, 4, 364 3 
find a 4th proportional. 

Sor. The extent from 18 to 4; ml reach 
from 364 to 80 3. | 
Exam. XI. To 2 Numbers x and 2; to 

find a ſeries of continued proportional. 


F 4 SOL, 
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Sor. The extent from 1 to 2, will react 
from 2 to 4; from 4 to 8 in the firſt interval; 
from 8 to 16 in the ſecond interval; from 
16 to 32; from 32 to 64; ; Se. Alſo the 
fame extent will reach from 1 4 to 3; from 3 
to 63 from. 6 to 12; from 12 to 243 from 
24 to 48 3 Sc. And the ſame extent wilt 
reach from 2 4 to 5; ; from 5 to 10; from 10 
to 20; from 20 to 40; Sc. And in a like 
manner proceed, if any other 1 ratio was given 
beſides that of 1 to 2. 

Tris Example is of uſe, to find if the 
diviſions of the line of numbers, are accurately 
Jaid down on the ſcale. 

THrtrRe are many other uſes to which this 
ſcale of log. numbers are applicable, and on 
which ſeveral Jarge treatiſes have been wrote z 
but the deſign here, i is not to enter into all the 
uſes of the ſcales on the ſector, only to give a 
tew Examples thereof: but after all that has 
been ſaid, when examples are to be wrought 
whoſe reſult exceeds three places, tis beſt to 
do it by the pen, for on inſtruments, altho* 
they be very large ones, the anſwers at bell, 
are but gucls'd at. 


Sec. XY, 


Some uſes of the Scales of Log Sines 
and Log. Tangents. ' © 


HE chicf uſcs of theſe ſcales, are con- 
joined with the ſcale of log. numbers, 
in the folution of the caſcs of trigonometry, 


where there are proportional ſides and angles, 
which 


* 
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which will be fully exemplified hereafter : But 
in this place, it will be proper to ſhew, how 
theſe proportions are applied to the ſcales. 

In trigonometrical proportions, there are 
four terms under conſideration, viZz. two 
ſides and two angles commonly; whereof, 
only three of the terms are given; and the 
fourth is required. It muſt be remarked, that 
the ſides in plane trigonometry, are always 
applied to the ſcale of log. numbers ; and the 
the angles, are either applied to the log. fines, 
or to the log. tangents; according as the 
fines or tangents are concerned in the pro- 
portion. Therefore, when among the three 
things given, if two of them be ſides, and 
the other an angle; or if two terms be angles, 
and the other a fide. 

RLE. On the log. numbers, take the ex- 
tent of the numbers exprefling the ſides ; and 
this extent applied from the numbers expreſ- 
fing the angle given, will reach to thoſe of 
the angle required. 

Qs, the extent of the angles taken, will 
reach from the fide given to the fide requi- 
red. | 


SECT, 
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I. 


Some uſes of the double Scales of Sines, 
Tangents, and Secants. 


P.ROBLEM. XVIII. 


Given the radius of a circle (ſup. equal n 
inches) required the fine, and tangent of 2 8 N 
30 / to that radius. 

Sol. Open the ſector ſo that the — 
diſtance of go & go, on the ſines; or of 45 
and 45 on the tangents z may be equal to the 

iven radius; viz. two inches: Then will the 
tranſverſe diſtance of 282 300, taken from 
the ſines, be the length of that ſine to the 
given radius; or if taken fromm the tangents, 
will be the length of that tangent to the given 
radius. 

But if the ſecant of 28? 30' was required? 
Maxkx the given radius two inches, a tranſ- 

verſe diſtance to o and o, at the beginning, 
of the line of ſecants ; and then take the tranſ- 
verſe diſtance of the degrees wanted, viz. 
280 3o/. 

A Tangent greater than 45 degrees, (ſup. 60 
degrees) ts found thus. 

Make the given radius, ſup. 2 inches, a 
tranſverſe diſtance to 45 and 45 at the be- 
ginning of the ſcale of upper tangents ; and 
then the required degrees 600 0o' may be ta- 
ken from this ſcale. 


PRO- 
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PROBLEM XIX. | 


Given the length of the fine, tangent, or ſe- 
cant, of any degrees ; to find the length of the 
radius to that fine, tangent, or ſecant. 

Make the given length, a tranſverſe di- 
ſtance to its given degrees on its reſpective 
ſcale : Then 


will be the ra- 
dius ſought, 


the fines 
he tangents 
he upper tangents 


o & © on the ſecants 


45 & 45 ont 
45 & 45 ont 


55 & 90 on 


the tranſverſe 
diſtance of 


gent under 45 
gent above 45 


If a ſecant 


If a ſine 
If a tan 
If a tan 
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PROBLEM XX. 
To find the length of a verſed fine to a given 
number of degrees, and a given radius. | 
Make the tranſverſe diſtance of go & go 
on the fines, equal to the given radius. | 
Take the tranſverſe diſtance of the ſine 
complement of the given degrees. 


If the given degrees are leſs than go, ſub- 
ſtract the ſine complement from the radius, 


leaves the verſed fine, 
If the given degrees are more than go, 


add the fine complement to the radius, gives 
the verſed ſine. 85 


PROBLEM XXI. 


To open the legs of the ſector, ſo that the 
correſponding double ſcales of lines, chords, fines, 
tangents, may make, each, a right angle. 

On the lines, make the lateral diſtance 10, 
a diſtance between 8 on one leg, and 6 on 


the other leg. 
On the fines, make the lateral diſtance go, 


a diſtance from 45 to 453 or from 40 to 50; 
or from 30 to 60; or from the ſine of any de- 


grees, to their complement. 
On the tangents, make the lateral diſtance 


of 45, a diſtance between 30 & Zo. 


SECT. 
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SECT. XVII 


The Uſe of Gene of the 72 "gk Dy double 
Scales, applied in the Solution of the 
Caſes of Plain T: i gonomerry. | 


PROBLEM XXII. 


FP; any 5 Hind plane triangle, any three 
of the fix terms, viz, fides and angles, ( pro- 
— one of them be a ide) * given, to find 


the other three. © 
This problem conſiſts of three caſes. 


CasE I. When among the things given, 


there be a ſide and its oppolite angle. 
CAsE II. When there is given two ſides 


and the included angle. 
Cask III. When the three ſides are given. 


SoLvTIon of CASE I. 


EXAMPLE I. 


In the triangle ABC: Given AB=56 
AC=64 
IB=46® 30 
Required OR & BC. 
The proportions are as follow, Fig. 2 
As AC: AB :: S, F B: 8, Ee. Then 


1800, 0 DTB (C= A. 
And S. YB: S SA:: AC: BC. 


— 


Firſt 
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Firſt by the logarithm ſeates, 
' To find the angle C. 


The extent from 64 (= AC) to 56 (= 
-AB) on the ſcales of logarithm numbers, will 
reach from 46 300, to 39® 24', (= IC.) 
on the ſcale of logarithm ſines. | 
And 1809 o'— (46? 300 + 395 2420 
85 64 94 SA. 


To find the Side BC. 


The extent from 460 3 30, to the ſupple- 
ment of 945 6 / on the "ſcale of log. ines, 
will reach from 64, (= AC) to 88, (= BC) 
on the ſcale of logarithm numbers. 


Secondly by the double Scales. 
To find the Angle C. 


1. Take the lateral diſtance of 64 from 
the lines. | 
2. Make this a tranſverſe diſtance of 460 

30“, on the ſines. 

3. Take the lateral diſtance of 36 on the 

lines. 
4. Find the degrees to which this extent 

is a tranſverſe diſtance on the ſines, viz. 39? 

24/3 and this is the angle ſought. 


To find the Side BC. 


1. Take the lateral diſtance of 64 from the 


lines. 
2. Make 
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2. Make this a tranſverſe diſtance of 462 
20/, on the ines. 

# Take the tranſverſe diſtance of 859 

(the ſupplement of 95 6/) on 4 

N 

4. Find the lateral diſtance this extent is 
equal to, on the lines; and this diſtance, VIZ, 
$8, will be the ſide required. 

Ex. II. In the triangle ABC: 


Given BC = 74 
TB = 104 of 
Cr 28 oO 


Required AB & BC. Fig. 27. 
Now 1809 — (104® of! + 28? © / =) 
1320 c gives 489 = A. 15 


, The proportions are, 
 AvS_ WA: BC, <C ak. 
And as S, IA "BC :: SB: AC 


Firſt by the Logarithm Scales. 


To jnd AB. 


The extent from 48 of (= RA) to 28 
o (=IC) on the ſcale of logarithm fines, 
will reach from 74 (= BC) to 46,75, (AB,) 
on the ſcale of logarichm numbers, 


To find BC. 


The extent from 480 o' to 560 o (a 
ſupplement of, 104 O.) on the the ſcale of 
log. fines, will reach from 74 to 96,6 (=BC) 


on the ſcale of logarithm numbers, 
Secondly 
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Secondly by the double Scales. 


To find AB. 


1. Take the lateral diſtance 74 on the 


lines, 
2, Make this extent a rranſverſe diſtance to 


489 O on the ines. | 
3. Take the tranſverſe diſtance of 28 of 


on the fines. 
4. Tothis extent find the lateral diſtance on 


the lines, viz. 46,75 and this will be the 
n of AB. 


To find AC. 


1. Take the lateral diſtance 74 on the 


lines. 
2, Make 1 extent a tranſverſe diſtance to 


482 o on the lines. 
3. Take the tranſverſe diſtance to the ſup- 


plement of 104 o/ on the ſines. 
To this extent, find the lateral diſtance 


on the lines, viz. 96,6, and this will be the 
length of AC. 


Sor ur ion of CASE II. 
Ex. III. In the triangle ABC: 


Given BC = 74 
— + 
IB = 68? c/ 


Required IA; SC; & AC. Fig. 28, 
5 The 
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The proportions are, 


9 oh. 14 
Putting M 8 — — 56⁰ 01. 


As BC BA: BC - BA: :, M:, NW. 
Then M N= A; and M- NS C. 
As 8, SC: BA:: B:; AE. 
Now BC + BA=126; and BC BA = 22, 


Firſt by the Logarithm Scales. 
To find the tangent of N. 


Take the extent from 126 (= ſum of the 

given ſides,) to 22 ( diff. of thoſe ſides,) 
on the ſcale of logarithm numbers; lay this 
extent from 45%? of downwards on the lo- 
garithm tangents ; ſtay the loweſt point, and 
bring that which reſted on 45 degrees, to 56? 
o/. Lay this extent from 45? of downwards, 
gives 14” 31 . 


AND in this manner always proceed, where 


M is greater than 45 o/, and N is leſs. 
But when M F greater J than 45 
& N are each lels J degrees. 
Then the extent from the ſum of the ſides to 
their difference, taken on the logarithm num- 
bers, will reach from M 5 ATR 7 to 
L downwards 
N. on the log. tangents. 


Now becauſe N = 14 310. Therefore 
SAS o i 
And FCS (56 d'— 14? 31/419 29/. 


34 
0 r 
* 


9 
* 
— 2 . -— — — — — gr” 
Ce en Ir II nn Inn Et = 


— —__— * 


4 
7 
9 
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: 
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4 
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The extent from 410 Us to 68? of on the 
logarithm fines: Will reach from 52 to 72, 
75 = AC on the logarithm numbers. 


Secondly by the double Scales. 


' Becauſe 126 the ſum of the ſides will be 
longer than the ſcales of lines, therefore take 
63, the half of 126; and 11, the half of 22, 
the difference of the ſides: for the ratio of 
63 to 11, is the ſame as that of 126 t to 22. 
Then, 

1. Take the Bee diſtance 6 3 on the 
ſeales of lines. a 

2. Make this extent a tranſverſe diſtance to 
£56 degrees, on the upper tangents. 

3. Take the tranſverſe diſtance of 45% on 
the upper tangents, and make this extent a 
rranſveric ditance 0 45” on the other tan- 
gents. 

4. Take the lateral diſtance 11, on the lines. 

5. To this extent, find the tranſverſe d. ” 
ſtance on the tangents, and this will be, 140 
230 R-N; 

And this is the manner of operation, when 
M is greater than 45 degrees, and N is leſs. 
But when M F greater 7 than 45 
& N are each leſs J degrees. 
Then the third article of the foregoing opera- 

tion is omitted. 

Now having found the angles A and C, 
the ſide A C may be found as in the firſt or 
tzcond Examples. , 

But 
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But in this caſe, the third fide AC may be 
found without knowing the angles. Thus, * 

1. Take the lateral diſtance of (34 deg.) the 
half of (68, ) the given angle, from the fines. 

2. Make this extent a tranſverſe diſtance to 
30 on the ſines. 

Wich the ſector thus dried: take the 
diſtance from 74 on one leg, to 32 on the 
other leg, each reckon*d on the lines. 

4. The lateral diſtance, on the lines, of 
this extent, gives the fide AC = 52,75. .. 

From the the two firſt articles of this ope- 
a is learn'd how to ſet the double ſcales 
to any given angle. 

When the included angle B is 90 degrees; 
the angles A and C are more readily Jaane + as in 
the following. + | 


Ex, IV. In the tage ABC: Fig, IM 


Given AB = 45 
BC = 65 
IB = 90 


Required A; XC; & Ae 


The proportions are, 19 
For the Angle A. „ 


AB: BC :: Radius: t, w A. And 90 = 
A=SIB. And AC may be found as direct- 
ed 1 in the laſt example. 


Firſt by the Jogarithmic Scales 


The extent from 45 to 65, on the numbers : 
Will reach from 45 degrees to 5 5? 18/ on 


the tangents, | 
„ Here 


* ang 2 * 1 
= .- + RE UU 
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Here the angle A is taken equal to g 5⁰ 187 
becauſe the ſecond term BC is greater than 
the firſt term AB: But if the terms were 
changed, and it was made BC to AB, then 
the degrees found would be 34” 42! UA C. 


Second! Ly by the double Sales. . 
1. Take the Mace diſtance of the firſt 


term, from the lines. 
2. Make this a tranſverſe - diftance to 45 
deg. on the tangents. , 
3. Take the lateral diftivce of the ſecond 
term, from the lines. 5 
4. The tranſverſe digen of this extent, 
found on the tangents, gives the degrees 1 in the 
angle ſought. 


If the firſt term is Jet than = Go 
cond, then the lateral diſtance of the firſt 
term, muſt be ſet to 45 degrees on the tan- 
gents of the Ter ſcale; 5 and the lateral 


diſtance of the ſecond term, muſt be reckon' d 
on the e Ter Þ tangents. hs 
 SoLUuTION of CASE III. Fig. 30. 


In the triangle ABC: 
Given BC = 926. 
BA = g5$. 
AC= oa. 
Requir'd TB, RC. WA. 


Pre- 
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4 wa to find an Angle, ſuppoſe B. 


 PutA=BC=926 the greater? ſide in- the FRY 


B=BA=z58 the leſſer F cluding pgle (B.) 
=AC=702 the ſide oppoſite to ſought. 
D=A-B 368 
x 


Hf hy the Togarithnic Scale 


I:. The extent from t to'E= 535, will 
reach from F = 167 to a 4th point on the 


log. numbers: Mark the point, and call | 


it G. 
2. The extent from 1 to B 558, will 


reach from A = 926, to a 4th point on the 


log. numbers : Mark the point, and call 


it H. 


point G, will reach from x downward, to a 
4th point on the log. numbers : Call this 
point J. 
The extent from I, to the middle point 
between it, and the next 1, above J. on the 
log, numbers, will reach frem go?, to 24 
* on the log. ſines. 
Then 24 34/ * 2 2 498 ==<B. 

The other angles may be found by the firſt 
Cale. 

This rule finds the angle B the beſt, when 


tne work is to be done by the logarithmic 
G 3 | tables 


3. The extent from the point H to the 


47 
19 

> ft © 
q 

? 4 
111 
1 1 


* 
7 
*Y 
a 1 
19 
* 4 l 
3 
1 
* 
2 45 


* GED == 53; Then 1: EEE ” radius: S, > SH 


1 
1 


15 
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tables: But perhaps the following method 
will be moſt eſteemed on the logarithmic 
ſcales. _ | 
Suppoſe a perpendicular AD (Fig. 30.) 
drawn to the greateſt ſide BC, from the angle 
A oppolite thereto ; this divides the tri- 
. angle ABC into two right angled triangles 
r B DA. CDA. 
FR Put A AC+ AB = 1260: 
| B=AC - AB=444. 
Then the extent from BCS) 926, to 1260, 
will reach from 144, to 196, « on the ſcale of 
log. numbers. 


an . 464 1 8 and 


1260 — 196 — 365 = BD. 


| The extent from (BA =) 558 to (BD =) 
365, on che log. numbers, will reach from 
go? to 40 52/ = (I BAD) on the log. 
lines. 
Then 90 O. 40 52“ gives 49® 8 for the 
| VB. 
| And the extent from (AB=) 702, to 
DCS) 561, on the. log. numbers, will 
reach from go? to 53? 4 = (I CAD) on 
the fines, 

And go? of — 53® 4. = 36? 56 = IC. 

And (BAD =) 40” 52 + (ICAD=) 
53% = BAC = 93" $6. 


Secondly 


— 2 — — Een et eo 
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Secondly by the double Scales. 


To find the Angle B. 


1. Take the lateral diſtance 702, (= AC 
the ſide oppoſite to I B,) from the lines. 

2. Open the legs of the ſector, untill this 
extent will reach from 926 on one ſcale of 
an to 558 on the other ſcale of lines. 

The tranſverſe diſtance between 30 de- 
grees on the ſcale of fines, meaſured laterally 
on the fines, gives 24 34, for half the 
angle B. 7 


The other angles may be found as B was, 


or according to the directions in ſome of the 
preceding examples, 

Although in theſe examples, S tri- 
angles were taken as being the moſt general, 
yet it may be readily ſeen, that examples in 
right angles are only particular caſes, and may 
be as eaſily ſolved. 

Variety of others might be given in ſur- 
veying, navigation, Sc. but theſe would all 
be reduced to examples like to the fore- 
going ones; therefore ſuch are omitted to 
make room for others, leſs common and more 
curious. 
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S ECT. XVIII. 


The Conſtruction of the Fay Caſes of 
3 Triangles by the Scales on 
Sector. 


1 HE caſes of ſpherical triangles are 


hea 1 (rea two ſides, and an —_ 
oppoſite to one of them. | 

Casz II. Given two angles, and a fide op- 
poſite to one of them. | 

CASE III. Given two ſides, and the in- 
cluded angle. 

CASE IV. Given two angles, and the in- 
cluded ſide. 

 Casx. V. Given the three ſides. 
CAsE VI. Given the three angles. 
Theſe ſix caſes include all the variety that 
can ariſe in ſpherica] triangles. 
Methods of conſtructing thefe caſes, were 
communicated to the author ſeveral years ago, 
by that excellent Mathematician Milliam 
Jones, Eſq. | 

In the following ſolutions, are given three 
conſtructions to every caſe, whereby cach fide 
is laid on the plane of projection, or (as it is 
commonly called, the) primitive circle. 

To abbreviate the directions given in the 
following conſtructions, it is to be under- 
ftood, that the primitive circle is always firſt 
deſcribed, and two diameters drawn at right 


angles. 
So- 


of Mathematical Inſtruments, 8 9 


SoLUTION of CASE I. 


Exam, In the ſpherical triangle ABD. 
Given AB = 29® 500 


DB = 63. 59 
IDS 26 55 
Required jangle. 


I. To put DB on the primitive circle. Fig. 
1. 1. H, YL 
1ſt, Make DB = chord of 630 59/, and 
draw the diameter BE. * 
2d. From D, with the ſecant of the TD, 
25 650%, cut the diameter O I in C: on C 
as a center, with that radius, deſcribe the 
_ circumference DA. and the angle BDA will 
be 25* 55/. 
zd. Make B d equal to AB, with the chord 
of 29® co. 
4th. With the tangent of AB, 299 30/, 
from d, cut © B produced in 4; and from 6, 
with that radius, cut DA in A or 2. 
sth. Through B, A, E, deſcribe a circum- 
ference, and the triangle DAB will be that 
required; whoſe parts DA, B, and JA may 
be thus meaſured. 
6th. Make © P equal to the tangent of 
half the angle BDA. viz. 12? 572; then a 
ruler on P and A, gives e; and D e meaſur'd 
on the chords, gives the degrees in DA, vix. 
420 of 


ing the circumference BAE in 5; A ruler by 


B & 5s gives F; make fg equal to the _— 
| of 


7th. Draw the diam. F G L to BE, cut- 
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of 90 deg. a ruler on g and B, gives p in the 
diameter FG. Then E g on the chords gives 
the angle B = 36991. 
Sth. A ruler on A and P, gives n; and on 
A and p, gives 3 and um mraſured on the 
chords, gives 32 9/, for the 9 ment of 
the angle DAB, which is 1270 
II. To put DA on the primitive circle, 
F048. 1; 7 
1 it. With the ſecant of the angle D286. M8 
from D, cut the diameter in C; and on C, 
with the ſame radius, deſcribe the arc DB. 
2d, Make OP, equal to the tangent of 
half the angle D; viz. 12® 57/ +. 
3d. On the primitive circle, make D d equal 
to the given fide DB, with the chord of 630 
ls: A rnler on P and d, gives B; chen 
will DB = 639 690. 
sth. Draw © Br, cutting the Prune 
circle in r. 
6th. Make r x = the chord of 90⁰ or 
twice tae chord of 459. 
7th. A ruler on x and B, gives m on the 
primitive circle, 
8th. Make mq = mp = chord of 299 g0/. 
gih. A right ine through x & p, x & 9, 
gives F & e in Or. 
roth. On fe as a diameter, deſcribe a cir- 
cumference cutting the primitive circle in 
A, a. 
Arth. A ruler on A & O, gives F. | 
12th. Trough A, B, F, deſcribe a circum- 
ference, and the triangle ABD is conſtructed 
with DA on the * circle as required. 
III. 
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III. To put AB on the primitive circle. 


Fig. 3. J. 
Ik̃ſt. Make AB = the chord of 299 5003 
and draw the diameter BF. 

2. In A 5 drown 1-00 AG, take Ab= 
line of AB 29? Fo. 

25 Make the angle 5 A4 =, 25? 

3 from A draw Ae J to Ag, and from 

d, the middle of A b, draw de I A & cutting 


Ae, in e; from e, with e A, deſcribe a cir- 
cumference A F 5. 


th. From 5, with the fine of BD, 630 597 
cut the circumference Afo in F; and draw 


Af. 


5th. From A, draw AC I to f A, meeting 


E © (x A o, ) continued, in C; and on G 
with the radius CA, deſcribe a circumference 
. ADG,” 2 i: 

th. Make Br m = BD, with the chord of 
63, 59/ ; from m, with che tangent of 639 
59“ cut © B produced, in; on , with the 
ſaine radius, cut ADG in D. 


7th. Through B. D, F, deſcribe a circum- 


ference, and the triangle ABD will be that 
which was required. 


Sol ur 10ü of CASE II. 


Exam. In the ſpherical triangle ABD. 
Given AD = 42® 9f 
<A = 19 26 
IB = 36 8 
Requirec the triangle: 


I. 75 put DB on the primitive circle. 
Fig. 1. 4 
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1ſt. From B, with the ſccant of I B, 360 
8/, cut the diameter © E in C; on C, with 
the ſame radius, deſcribe the circumference 
BaF, and the angle DBF = the given I B. 

ad. Make the angle naq= (1299 50/— 
go! =) 37” 300. 

gd. Make 49 = tangent of DA, 420 9/; 
on © with the ſecant of 429 9/ deſcribe an 
arc g Q: on C with C , cut the arc 3 Qin 


4th. Draw Q © G cutting the primitive 
circle in D, and BD will be a ſide of the tri- 
angle. i 
zth. From Q with Qa, cut B 4 F in A; 
and through D, A, G, deſcribe a circumf. and 
the triangle BAD is that required. Whoſe 
parts BD, BA and S D are thus meaſured. 

6th. BD meaſured on the chords, gives 64 
degrees. NT =x EIA | 

7th. Make oP = tangent of half CB, 
viz. 182 4'; a ruler on P and A gives x; 
then By meaſured on the chords gives 290 
500%, for BA. 

8th. Draw a diameter perpendicular to GD, 
cutting the circumf. DAG in 5; a ruler on 
D and s gives m; make mm 9o degrees, then 
Gn meaſured on the chords, gives 25? 55/ 


for the I D. 
II. To put AB on ibe primitive circle, Fig. 2. 2. 


rſt. From A, with the ſecant of the ſup- 
lement of the x A, viz. 52” 10ʃ/, cut the 
diameter OF continued in C; on C, with 


the fame radius, deſcribe a circumf. A 4 * 
| 5 


of Mathematical Inſtruments. 3 


2d, Make © P = the tangent of half the 
ſuplement of SA, viz. 260 5/; and make A x 
= chord of AD, 420 g/ : a ruler on P and 

x, gives D; then is A D equal to 42® g/. 

3d. On ©, with the tangent of the angle 
B, 369. 8/, deſcribe an arc mc; on D, with 
the ſecant of I B, 369 8/, cut the arc mc in 
c; on c, with the ſame radius, deſcribe a 
circumf, DB, then the triangle ADB, will be 
that required. 


. To put DA on 2 the primitive circle. Fig. 2. 3. 


"-xſt. Lay down AD with the chord of 420 


2 : Draw the diameter DF ; and another 
© H, perpendicular to DF. 

2d. On A, with the ſecant of the p. of 
IVA, viz. 329 10%, cut the diameter E © 
in C; and on C, with the ſame radius, deſcribe 
the circumf. ABC. 

3d. Make © P equal to the tangent of half 
the ſuplement SA, viz. 260 5/, a ruler by 
Gand p gives x. 

4th. Make xm = xn with chord of VB, 
369 8/, a ruler by G and », G and m, gives r, 
5; on þ 'the middle of 7s, with the radius 35, 
cut © H in p. 

5th. A ruler on F and P, gives 5; make 
bk=hD; a ruler or F and & gives c 
with the radius D, deſcribe the circumfer- 
ence DBF; and the triangle ABD, 1s that 
— | 
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Sol ur Io of CASE © 5 


Ex. In the ſpherical rrangle ABD. 
Given AB = 290 507 
BU = 63 59 
KB.—.30.:, 8 
Required the FEI 


I. 1. 25 put AB on the Primitive circle. Fi, ig. I, 3. 


iſt, Make AB = chord of 299 5 0, "dw 
the diameter BF, and another © E. Pexpen- 
dicular thereto. . 

2d. From B, with the ſecant of 2 B, 
362 8/ cut OE in C, the center of BDF. of 

3d. From ©, with the tangent of half 
< B, viz. 180 4% ut O E in P, r 
of BDF. 

4th. Make B x = BD, 630 50, a ruler on 
P and x, gives D. Through A, D, G, deſcribe a 
circumference, and the triangle ADB is that 
required, whoſe parts AD, T A, and S C 
may be thus mealured, 

sth. A ruler on A and s gives 2, make 
zy = chord of go” a ruler on A and y 
gives 7 the pole of As G; a ruler on p and D, 
gives u, and A u meaſured on the chords gives 
42® 8/ for AD. 

Sth. Gy meaſured on the chords, gives 
52? 11 for the ſupplement of & Az there- 
tore Þ A = 127* 49“. 

nth. A rular on B and p, D and P, gives 
r, ms and rm, meaſured on the chords gives 

25 '56/ tor the angle BDA. 
| II, 25 
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II. To put DB on the primitive circle. Fig, 2. 3. 


iſt. Make DB = chord of 630 59 : draw 
the diameter BF and perpendicular thereto, 
the diameter © G. 

2d, From B, with the ſecant of T B, 
369 8/, cut © G in C; on C with CB, de- 
ſeribe the circumference BAF. 

34. Make © P = tangent of half = B, 
182 4/, and D x = chord of AB, 290 50“, 


a * on P and x gives A; through D, A, E, 
deſcribe a circumference, and the triangle 


ABD is that required. 
III. 2 put AD on the primitive circle. Fig. 3. 3. 


1. In a right line e d, touching the pri- 
mitive circle in any point , take þ d= tan- 
gent of BD, 630 59! 3 and b e= tangent of 
AB, 299 50. 

2. Make the angle d a - <B, 360 8/, 
and make ba = be. 

3. From d, ©, with Da, © e, deſcribe 
arcs croſſing in x; from x, d, draw the di- 
ameters AE, DF; and others OG, OH, per. 

pendicular to AE, DF. 


4. From d, x, with db, eb, deſcribe arcs 


croſſing in B; and draw 4B, x B. 

From B draw BC, perpendicular to 
x B, 0 meeting © G produced in C; alſo 
draw B c perpendicular to 4B, and meeting 


OH inc; then C is the center of a e 


erence thro? A, B, E; and c the center of 
that 
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that thro D, B, F; and the triangle A BD is 
that required. 


SoL ur Io of CASE IV. 


Ex. In the ſpherical triangle ABD : 
Given ID — 25" 55“. 
SB g 36 o8/, 
„ ; DB = 63 597. 
Required, The triangle. 


I. To put DB on the primitive circle, Fig. 1. 4. 


1. Make DB = chord of 63 59/; draw 
the diameter B F, and draw © G perpendi- 


cular to B F. 
2. From B, with the ſecant of B, 36 


8, utOGinC; and C will be the center 
of BAF. | 

3. From D, with the ſecant of SD, 259 
55'; cut O H in c, and c will be the center 
of DAE ; and the triangle DAB is that 
which was required ; whoſe parts DA, BA, 
and WA, are thus meaſured. 

4. Make Op = tangent of + S, 129® 57/, 
a rular on p and A gives x; then D mea- 
ſured on the chords gives 429 fo, for AD. 
5. Make O P tangent of + VB 18® 
4', a ruler on P and A, gives x; then B 2 
_— on the chords, gives 29 54' for 

D. | 

6. A ruler on A and p, A and P, gives u, 
m; and um meaſured on the chords gives 310 
58/ the ſuplement of the angle A. There- 


fore = A 128 2/. 
II. To 


— 
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II. To put DA on the primitive arb Fig. 
2. 4. 


it, From D, with the ſecant of 1 
250 55'; cut OF in C; and C is the center 
of the circumference DBE. 

2d. Make © P= tangent of 2 I D, 120 


51's and make Dx = chord of BD, 639 


595 3 a ruler on P, x, given B; and D Bis 
63 59“. 

zd. Make the angle CB = B, 360 8/; 
through C, draw mc perpendicular to B ©, 
cutting Be in c; on c, with the radius c B, 
deſcribe the circumf. ABG ; and the triangle 
ABD, is that which was required, 


III. To put AB on the primitive toil Fig. 
„ 


iſt, From B, with the fot 47 1 IB, 3629 
8' cut G F in C; and C is the center of the 
circumference of BDE. | 

2. Make Bx = chord of BD, 63® ;9'; 
and oP = tangent of 2 SB, 189 4! ; a ru- 
ler on P and x gives D; then is BD = 63? 


* Make the angle C De = SD, 230 

55! ; then mc drawn perpendicular to © P, 
meeting D c in c, gives c the center of the 
cumf, ADG; and the triangle ABD will 


be that required. | 
H Sor. 
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Sol ur ion of CASE V. 


Ex. In the ſpherical triangle ABD. 
Given AB = 299 50“ 
AD=42 
BD = 63 59 
ae, The triangle. 


I. To put AB on the primitive circle. Fig. t. 2. 


it, Make AB = chord of 290 507; draw 
the diameter BF. | 

2d. Make A » = chord of AD, 42® 9'; 
and Bm = chord of BD, 63® g9/. 

20. From , with che tangent of AD, 
42% 9½ cut EA produced in C; and from 
C, with that radius, deſcribe the arc 2; from 
m, with the tangent of BD, 63® 59/, cut FB 
produced in c; and from c, with the ſame 
radius, cut the arc in in D. 

4th. Through A, D, E; B, D, F, deſcribe 
circumferences, and the triangle ADB is that 
which was required; whoſe angles A, B, * 
are thus meaſured. 

Sth. A ruler on A — a, gives *; on B 
and 6, gives zz make ay, zu, cach 900 
a ruler on A and y gives P, in a perpendicu- 
Jar jo AE; and a ruler on B and v * p, 
in a perpendicular to BFF. 

th. Ey meaſured on the chords, gives 52 

12/ for the ſupplement of the SA; therefore 
"a. * 1270 480. 12 

7th. F meaſured on the chords, gives 369 

10/ for the angle B. Mi 

$th. 
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8th. A'tuler on D and P, D and p, gives 
2 S'; and 2 meaſured on the chords, gives 
2 58/ for the angle + Os 
"The ſides AD, DB, are put on the primitive 
circle, by a conſtruction ſo like the foregoing 
ones that it is en to N it. See Ne 


+ 3. 8. * 
Serve Fa CASE vi. 


Ex. In the ſpherical triangle AB D: 2 10 
Given JA = 127? 151J. 
IB = 36* 8. 2 
Dr % 55. 

Reeired, The 3 


7 


I. To put A B on the primitive Gre Fig . 6. 


Aft. From B. Wich che ſecunt of B, 169 

8/, ut © F in C, and C will be the center of 
the circumference through B, D, n. 
2. From ©, with the tangent of the ſup- 
lement of A, 532 10ʃ, deſcribe an arc 


c. 00 
3d. Make an angle C aq = SD, 2 50 5; ; 

make ag = Bx. (= ſecant of 52% 10/.) 

- 4th. From C, with the radius Cg, cut xr 
in c; From c, with the radius q a, deſcribe a 

circumference ADG; and the triangle ABD, 

is that which was required: whoſe ſides AB, 

BD, DA, are meaſured as follows. a. 
sth. A ruler on B and a, A and 3, gives 

d and ; make d g, F b, each 90 degrees; 


a ruler on g and B, þ and Ts e P and 175 5 
2 2 10 20 


. 
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in G F, © H, drawn perpendicular to B E, 


A G. 
Sth. A ruler on P and P, p and D, gives 


1 and s. 
th. Then BA, Bu, Aline _ on the 


a chbeds, gives 298 5013 3 63 593 42 97 3 


for the reſpective meaſures of BA, BD, AD. 

The directions for this conſtruQion, may be 
eaſily applied to the putting either of the 
46 ſides on 5 ee circle, Fig. 2. 6. 
3 5 21 


on 
* 3 


ser. XIX. 


of the froports onal Compaſſes. 


8 HO 8 E compaſſes are called proporti- 
onal, whoſe joint lies between the points 


terminating each leg; in ſuch a manner, that 
when the e are apencd, Ne legs rom 
a crols. 

Suvcnu  compaſſes are either Ganple or com- 


pound. 
SIMPLE. proportional compaſſes, are ſuch, 


* center is fix d: One pair of theſe, ſerve 


only for one proportion, 

- Tnvs, if a right line is to be divided into 
27 3, 4 55 Sc. equal parts; or the chord 
of I, +, 3, Sc. part of a cirenoforance 3 is to 
be taken; there muſt be as many of ſuch 
compaſſes, as there are diſtinct e to 


be performed. 


In each caſe, take the gength of the right 


line, or of the radius of the circle, between the 


longer 
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longer 2 of the legs ; and the diſtance 
orter points will be the part required. 
By the longer points, is meant thoſe points 

_which are to be applied to the given line. 

| Compouny proportional compaſſes, are 
thoſe which center is moveable ; whereby, one 
pair of theſe will perform the office of ſeve- 
ral pairs of the ſimple ſort, | 
| In the ſhanks of theſe compaſſts ; are groov 76S, 
wherein ſlides the center, which is made faſt 
by a nut and ſcrew. _» 

On each ſide of theſe grooves, ſcales are 
placed; which may be of various ſorts, ac- 
cording to the fancy of the buyer: But the 
ſcales which the inſtrument- makers commonly 
put on theſe compaſſes, are only two, dix. 
lines and circles. 

By the ſcale of lines, a right line may be 
divided into a number of equal parts, not ex- 
ceeding the greateſt number on the ſcale; 5 
which is generally 12. 

Exam. I. To divide a given right line, 
(ſuppoſe of 7 + inches long,) into a Pfopog'd 
number of equal parts. (as 11.) 

Op ERNATIOx. Shut the compaſſes; un- 
ſcrew the button; move the ſlider until the 
line acroſs it, coincides with the 11th divi- 
ſion on the ſcale of lines; ſcrew the button 
faſt ; open the compaſſes, until the given line 
can be received between the longer points of 
the legs; then will the diſtance of the ſhort- 
er points be the 11th part of- the given line, 
as required. 

By the ſcale of circles, a regular polygon 


may be inſcribed i in a given circle; mo 
tae 
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the number of ſides i in the polygon, do nat 
exceed the numbers on the ſcale, Which com- 
monly proceed to 24. | 
Exam. II. To inſcribe in a circle, whoſe ra- 
dius is known, (ſup. 6 inches) a regular Boh- 


gon of 12 ſides ? 
Or ERAT TON. Shut the Won pate ; un- 


ſcrew the button; ſlide the center until its 
mark coincide with the 12th diviſion on the 
ſcale of circles; ferew the button faſt; take 
the given radius between tlie longer points of 
the legs; then will the diſtance of the ſhort- 
er points, be the fide of the 9 re- 
quired. 

FT nxsz feales are applicable to ſeveral 
other ules beſide the foregoing ones, in the 
ſame manner, as the like lines on the ſector 


„ © $3 


ities. 
'TrnrzREFORE, of vide a a * right i Ine into 


2, 3, 4 8, 6, 7, 8, c. equa] parts; the 
lengths of each leg, from the center, will be 
expreſsd by the following ſeries,” the whole 
length of the inftrument being taken for u- 
nity. 

7 Longer leg 4 To 25 25 25 7 75 Sc. 
Shorter leg 3 T> D, I's 5, 75 To IVE. * 


„110 diviſions may be very accurately 
laid on the legs of the compaſſes by the help 


of a good ſector. * Prob. 12 ) 4 
R, 
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O, the diviſions of this ſcale of lines may be 
found by the following conſtruction, which 
many years ago, was contrived by William 
Jones, Eſq; who lately | favoured. me "WR a 
copy thereof, and is thus. 7:9 100m 


Da Aw the indefi- AS ——— 
nite right line DE; 7 NG oF 
and from any point Re 
A, without D E, H 
draw As, ual w FL _E-S 7, 
the ſhank of the compaſſes, making any angle 
at a, with DE. Through A, draw the right 
line AB, parallel to DE, and equal to the 
given line from whoſe parts the proportions 
are taken. 

Lz r Aa contain N parts. 

Now that ab may be the nth yan of AB, 


or, that AB . be n times ab. 


LET ac = —— = N, or Ac r N; 


then the point c is the center of the ſcrew 
pin. And through c, N Be, meeting 


DE in 5; then is ab == of AB, or AB = 


2 times a 5. 


F 3 5 y 
„ AR. Ac 


If the center of 0 ee be diſtant 
from che mark! in the ſlider, the ——part of 25 


vor! 201 epbieyiie 
I. x TY = i) 


Ex, 
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Ex. If N= 10000, m = 400, and a = t, 
or 2, or 3, Sc. 
Then ac = 5000, or 3333, or 2500, Ec. 
when the diviſions on the ſhank reſpe& the 
center pin. 


_ F5025 or 3358 or 2525, 2 
1 8 5 or 3308 or 2495, & 
when the diviſions reſpect a mark 1 in the ſlider, 


diſtant from the center pin, , of the e 
of the Inſtrument. | 


Tux ſcale for dividing of the circle, or 
the diviſions for regular polygons may be 


found thus. 
Find the angles at the center, of as many 


regular polygons as are to be deſcribed on the 
compaſſes. 

SE EE the ſines belonging to the half of 
each angle, to the radius 1. 

To each of theſe ſines doubled, add the ra- 
dius 1. 

Tre will the reciprocal of theſe numbers, 
be the lengths of the polygonal diviſions, on 

the legs of the compaſſes, reckoned from the 
longer point; the length of the inſtrument 
being accounted unity. T7 

Fox the longer and ſhorter legs, (or points) 
are in the ſame ratio, as are the radius and 
chord of the angle at the center. 

Axp as the ſum of the radius and chord, 
is to the radius; ſo is the ſum of the longer 
and ſhorter legs, (or * to the lengrh of 
the 2 point. | 


Anp 
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Ap hence was the following table com- 
paſed, which ſfiews the decimal parts on the 
leg, from the longer point to the center. 


, 3333 [ri 0,6396. [19] o, 723 
0,4142 ; 
0,4597 
0,5000 

055354 


0, 6589 200 , 7617 
0, 6763 [21 0,706 
0, 6921 [22] 0,7788 
0,7063 [23] o, 860 
9,5665 16,7193 [24 0,793! 
955940 097313 | | -- 

228180 118] 0,7423 | 


Ig Length al; Length onſ Length on 
EB n 
1 

3 7 


* 


Tuxsnx diviſions may be truely laid off b 
the help of a good ſector; making the whole 
length of the proportional compaſſes, a tranſ- 
verſe diſtance to 10 and 10, on the line of 
lines. e es „„ 
TRE complements, to unity, of the num- 
bers in the table, will give the diſtances. of 
the diviſions from the other point of the in- 
ſtrument, le + | 
Is the mark in the ſlider, is at ſome di- 
ſtance from the center, as it commonly 1s, 
then this diſtance, which is always known, 
muſt be added to, or ſubtracted from, the 
foregoing numbers, according to that fide of 
the center the mark is on; and the ſums, or 
remainders, will give the diſtances of the 
diviſions from one of the points. | 


-Þ . 


i 
: 
2 
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Asour Micbaelmas, 1746, was finiſhed 


a pair of proportional compaſſes, with the 


addition of a very curious and uſeful contri- 
vance; (ſee the plate fronting the title page) 
viz. into one of the legs (A) at a ſmall di- 
ſtance from the end of the groove, was ſcrewed 
a little pillar (a) of about + of an inch high, 
and perpendicular to the faid leg ; thro? this 
pillar, and parallel to the leg, went a ſcrew 
pin; () to one end of this ſcrew, was 
ſoldered a ſmall beam (cc) nearly of the length 
of the grove in the compaſſes ; the beam was 

flit down the middle lengthwiſe, which re- 
ceived a nut (F) that ſlid along the lit ; (dd) 
this nut could be ſcrew*d to the beam, faſt 
enough to prevent ſliding z one end (e) of the 
ſcrew of the nut 7, falls into a hole in the 
bottom of the ſcrew to the great nut (g) of 
the compaſſes; the ſcrew pin 44, paſſed thro? 
an adjuſter ; () To uſe this inſtrument, ſhut 


the legs cloſe, ſlacken the ſcrews of the nuts 


g and F/; move the nuts and ſlider &, to the 
diviſion wanted, as near as can be readily 
done by the hand; ſcrew faſt the nut F; then 
by turning the adjuſter 5, the mark on the 
ſlider æ, may be brought exactly to the di- 
viſion ; ſcrew faſt the nut g; open the com- 
paſles ; gently lift the end e, of the ſcrew of 
the nur f, our of the hole in the bottom of 
the nut g; move the beam round its pillar a, 
and lip the point e, into the hole in the pin 
n; ſlacken the ſcrew of the nut f ; take the 
given line betwen the longer points of the 
compaſſes, and ſcrew faſt the nut f: Then * 
| | rac 
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the ſhorter points of the compaſſes be uſed 
without any danger of the legs changing their 
poſition ; this being one of the inconvenien- 
cies that attended the proportional compaſſes 
before this ingenious contrivance; which was 
made by Mr. Thomas Heath, Mathematical 


Inſtrument- maker, in the Strand, London; 


whoſe ſkill in contrivance, and care in exe - 
cuting the workmanſhip of curious inſtru- 
— 3 is not, perhaps, to be ſurpaſſed by any 
artilt. | 
Soon after the appearance of the firſt pro- 
portional compaſſes, there were ſeveral learn- 
ed and ingenious perſons who contrived a great 
| variety of ſcales to be put thereon ; but theſe 
are here omitted, becauſe the credit of the 
proportional compaſſes is greatly fallen, ſince 
the invention of the ſector, the latter being 
a much more uſeful inſtrument than the for- 
mer, and not fo ſubject to be put out of or- 
der; for if one of the points of theſe com- 
paſſes ſnould be blunted or broke, the inſtru- 
ment cannot be uſed, until the damaged point 
be replaced by a new one. However, thoſe 
who are deſirous of knowing the conſtruction 
and uſe of ſuch ſcales on the proportional 
compaſſes, may be amply fatisfied in conſult- 
ing Hulſius, Hor/cher, Galgemaire, Bion, and 
others mentioned in the preface to this book. 
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